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1 
GENERAL INTRODUCTION 
Organomercurials have been known for many years and there exist a 
large number of procedures available for their preparation (1). They 
possess a wide variety of characteristic features which make organo­
mercurials suitable intermediates for many synthetic transformations. 
Organomercurials are generally not very reactive towards organic 
substrates. Therefore, methods have been devised to enhance their 
reactivity. One widely used method takes advantage of the fact that 
organomercurials can be readily transmetallated by various transition 
metals. This metal exchange reaction transforms the organomercurial into 
a more highly reactive transition metal organometallic compound. These 
compounds which can also often accommodate a wide range of functionality 
can then be used to perform a variety of synthetic transformations. The 
transition metal that is most commonly used for the transmetallation of 
organomercurials is palladium. Through the use of transmetallation with 
palladium salts, organomercurials can now be used as precursors for many 
synthetic transformations. 
The work that is described in this thesis is divided into two 
parts. The first part deals with the synthesis of heterocyclic and 
carbocyclic compounds via the mercuration of various aryl acetylenes. 
The second part involves the synthesis of heterocyclic compounds using 
the transmetallation of an organomercurial by a palladium salt followed 
by cyclization via an intramolecular nucleophilic displacement on the 
intermediate palladium compound. 
2 
SYNTHESIS OF HETEROCYCLES BY AN INTRAMOLECULAR 
MERCURATION OF ARYL ACETYLENES 
Introduction 
Mercury(II) salts are known to add to a variety of acetylenes to 
afford vinyl mercurials (eq. 1). Thus, mercuric halides are reported to 
add to acetylene (anti) (2-7), propyne (anti) (8), cyclooctyne (9), 
vinyl acetylene (anti ?) (8, 10-12), alkynyl ethers (13-15), propargylic 
alcohols (anti) (16-18), ethers (19), halides (anti) (16, 20) and a, 6-
unsaturated ketones (21), acids (anti) (22-24), and esters (anti ?) (22, 
25, 26) with the stereochemistry indicated. 
The reaction of acetylenes with mercuric acetate in acetic acid is 
reported to generate several different types of addition compounds. 
Terminal alkynes generally give dialkynylmercurials (27-29). Simple 
internal aliphatic acetylenes appear to afford both regio- and 
stereochemical mixtures of vinylmercurials with the anti adduct 
predominating (30-33), as illustrated by the reaction of 2-butyne (eq. 2) 
(34-36). 
RteCR' + HgXg ( 1 )  
3 
CH3CHCCH3 
Hg(OAc), 
"HÔÂc 
NaCl AcO 
CH: ^HgCl 
(2) 
AcO 
CH,CHC=CH, 3i 2 
HgCl 
The reaction of aryl alkyl acetylenes with mercuric salts provides a 
regiochemical mixture of exclusively anti adducts (37), as shown by the 
reaction of 1-phenyl-l-propyne with mercuric acetate (eq. 3) (28, 38). 
 ^ // C=CCH, 
Hg(OAc), 
HOAc 
NaCL 
/HgCl 
AcO^ 
(3) 
yOkC 
ClHg" 
Diphenylacetylene affords both the syn and anti addition adducts, but in 
this case the syn adduct predominates (28, 34, 36, 37, 39). 
It has been recently shown that mercuric chloride and thiocyanide 
anion add to internal acetylenes to give either nitrogen- or sulfur-
bonded anti adducts (eq. 4) (40). 
HgCl, 
RC=CR SCN 
R. .HgCl 
NCS'^ ^R 
R\ /HgCl 
+ C=C^ 
SCN^ 
(4) 
4 
There are very few examples in the literature of alkoxywercuration 
and aminomercuration of acetylenes. Mercuric chloride has been added to 
acetylenic diols to prepare furylmercurials (eq. 5) (41-48). Riediker 
R. ^HgCl 
RCHCRChCR + HgCl« > 
HO JH 
(5) 
and Schwartz (49) have eyelized certain acetylenic alcohols by reacting 
them with a mercuric salt. The organomercury intermediate was usually 
intercepted by ^-halosuccinimides to give the 3-halo substituted enol 
ethers. In only one example did they actually isolate the intermediate 
organomercurial in a yield of 15% (eq. 6). Hudrlik and Hudrlik (50) have 
a H9(02CCF,)g "ÊOTTcHpCip CH2C=C(CH2)gCH2 /gHg 
reacted terminal acetylenes with mercury(II) salts in the presence of 
acetic anhydride, alcohols, pyrrolidine, and aziridine. The mercuration 
reaction was followed immediately by reduction with sodium borohydride to 
produce enol acetates, enol ethers, amines, and aziridine enamines, 
respectively. Isopropenyl acetylene has been reacted with mercuric 
acetate in the presence of various amines to yield the aminomercuration 
product (eq. 7) (51). 
/CH, RpNH /CH, 
H,C< ^ + Hg(OAc), —^ > H2C=C ^/HgOAc (7) 
2 \c=CH >=C. 
It has been shown by Spear and Jensen (37) that the reaction of l-£-
5 
anisyl-l-propyne and other related aryl alkyl acetylenes with mercuric 
acetate in acetic acid produces the g-acetoxy vinyl mercury compound (eq. 
8). It was believed that the reaction of the ortho substituted compound 
CH CCH, 
Hg(OAc}, 
TiÔÂc 
KCl ( 8 )  
/HgCl 
AcO^ ^CH. 
should behave in a similar manner and produce the corresponding g-acetoxy 
vinyl mercury compound. Subsequent palladium catalyzed carbonylation 
followed by cyclization would provide an easy entry into the important 
coumarin ring system (eq. 9). 
OCH, 
C=CR 
R= alkyl or aryl 
Hg(OAc), 
HOAc 
NaCl 
(9) 
In examining the reaction of 2-(l-pentynyl)anisoleJ. with mercuric 
acetate, it was observed that, unlike the para isomer, Idoes not undergo 
mercuric acetate addition to the carbon-carbon triple bond, but instead 
undergoes intramolecular alkoxymercuration to produce 3-chloromercuri-2-
propylbenzofuran (2) upon aqueous sodium chloride work-up (eq. 10). 
6 
OCH3 
/HgCl 
3C=C 
ICHgigCHj 
SCfCHgjgCHg 
CH 3 Hg(OAc)^^ JMl 
HOAc 
(10) 
CH2 ) 2CH2 
HgCl 
2 
This type of intramolecular cyclization proved to be fairly general, 
thus, allowing several other mercurated heterocyclic ring systems to be 
prepared. Since the mercury moiety in these compounds can be readily 
substituted by a variety of other functional groups, this intramolecular 
cyclization provides a unique method for the synthesis of disubstituted 
heterocyclic compounds. 
Benzofurans The benzofuran nucleus (3) occurs widely in nature and 
the synthesis of the ring system and its derivatives have been the 
subject of much research. There are several important reviews (52, 53) 
and a book (54) devoted to various aspects of both synthetic and 
naturally occurring benzofurans. This introduction will present only a 
brief overview of some of the biological activity of benzofuran 
Results and Discussion 
7 
derivatives and the major methods used in the synthesis of the benzofuran 
nucleus. 
The simplest naturally occurring benzofuran is 5-methoxybenzofuran 
(4). It was discovered as a result of fungal contamination of oak beer 
barrels which gave the beer a strong, persistent, distasteful scent 
(55). Among the other natural benzofurans are the Moracins (5a-^) which 
show antifungal activity (56, 57) and the quettamines which are a new 
class of isoquinoline alkaloids that possess a benzofuran nucleus (58). 
Coumestrol (59, 60) (^ is a benzofuran derivative isolated from alfalfa 
and it is one of the phytoestrogenic substances that stimulates animal 
growth. 
7 
4 
3 
5a: A-R'=R'^=OCH,, R =H, R =R^=OH 
b: 
c: 
^ g ^ ^
B.R^=R4=0CHg, R^=R^=OH, R^=H 
F-R^=R^=OCHg, R^=R^=OH, R^=H 
8 
•OH 
G 
Among the synthetic benzofurans, 2-(4-hydroxybenzoy1)benzofuran (^) 
and its 3-ethyl derivative (^) both exhibit estrogenic activity (61); 2-
ethy1-3-(4-hydroxybenzoy1)benzofuran , or Benzarone, is an angitropic, 
antiinflammatory and fibronolytic agent (62) (used clinically under the 
name of Fragivix L); 2-ethyl-3-(3,5-diiodo-4-hydroxybenzoyl) benzofuran 
(9), or Benziodarone (clinically used as Amplivix), is a coronary 
vasodilator (63). 
R 
b; R^CHgCHg 8 :  R^=R^=H; R^=OH 
9: R^=R^=I; R^=OH 
There are numerous synthetic procedures available for the synthesis 
9 
of the benzofuran nucleus. One of the major methods involves the 
cyclodehydration of compounds such as 10 and U with sulfuric acid or 
polyphosphoric acid (54). The cyclodehydration reaction was employed by 
10 c 
11 
OCHR^COR^ 
Aneja and co-workers (64) in the synthesis of visnagin (^) which is the 
major component of the seeds of Ami Visnaga, an important plant drug 
(eq. 11). 
CHGCHO 
PPA 
P2O5 
12 
The reaction of cuprous acetyl ides with aryl bromides or aryl 
iodides has proven to be a very effective pathway for the preparation of 
a wide variety of aromatic acetylenes. Moreover, when the aryl bromide 
or aryl iodide bear an ortho hydroxy group, the reaction with a cuprous 
acetylide provides a very nice entry into 2-substituted benzofurans (65) 
(eq. 12). In their synthesis of secoquettamine, Biftu, Schneiders and 
Stevenson (66) used the cuprous acetylide cyclization to prepare the 
requisite benzofuran skeleton 13 (eq. 13). 
10 
+ CuC=CR^ 
CgHgN or 
X=Br,I 
CHO 
+ CuC=C" 
CHO 
OCHgPh 
CH3Q 
(13) 
• CH3O 
Since it was thought that the acetoxymercuration of a 2-methoxy 
substituted aryl acetylene might be used to prepare the coumarin ring 
system, the mercuration of 2-(l-pentynyl)an isole W was examined. The 
preparation of 2-(l-pentynyl)an isole (1) was effected by the reaction of 
cuprous ji-propylacetylide with 2-iodoanisole in refluxing pyridine using 
the procedure of Castro and coworkers (65) (eq. 14). As discussed in the 
a°C"3 .. CcHcN . ' CuC=-C(«,),CH3 ^ f T (14) 
120°C ^^"^-CfCHgjgCHj 
introduction, compound was found by us to undergo an intramolecular 
cyclization to produce 3-chloromercuri-2-propylbenzofuran 2 when treated 
with mercuric acetate in glacial acetic acid. 
The initial cyclization of the acetylene compound involved the 
11 
reaction of^ with one equivalent of mercuric acetate in glacial acetic 
acid at 0°C for twenty hours followed by treatment with aqueous sodium 
chloride. These reaction conditions produced the mercurated benzofuran 
as the only isolated producted in a yield of 45%. Since the initial 
reaction conditions produced the mercurated benzofuran in somewhat low 
yield, many variations in the reaction conditions were examined. The 
results are summarized in Table I. Best results were obtained using one 
equivalent of mercuric acetate in acetic acid for 30 minutes at room 
temperature. 
Several other acetylenes were examined to determine how 
general a route to mercurated benzofurans this reaction is. 
The acetylenes W-16 were all prepared by the reaction of the 
corresponding aryl iodide with the desired cuprous acetylide. The 
reaction of these acetylenes with mercuric acetate resulted in 
cyclization to the mercurated benzofurans (19-21) in the yields indicated 
13; X'OCHg, R=(CH2)2CH3 
15: X=NO,, R=(CH,)?CH_ 
16: X=H, R=CGHG 
15 
 
18: X=H, R=O-CH30CGH^ 
(eq. 15) 
12 
Table I. Reaction Conditions for the Mercuration of ^ 
mercuric salt (equiv) solvent time (h) temp (°C) yield of 
Hg(0Ac)2 (1) CHgCOgH 4 0 31 
20 44 
0.25 25 64 
0.5 65-70 
4 52 
Hg(0Ac)2 (2) 0.5 51 
Hg(0Ac)2 (1) CH3OH 0.5 0 
CH3NO2 0.5 15 
Hg(02CCF3)2 (1) THF 10 0 37 
20 35 
0.25 25 51 
(2) 54 
(1) 20 48 
CHgCOgH 0.33 48 
CF3CO2H 0.5 0 
20 0 
^Isolated, recrystallized yield. 
13 
aOCHg =CR 
14-16. 
Hg(OAc), 
4» NaCl 
HOAc 
19 
20 
21 
(15) 
XFOCHg, R=(CH2)2CH3 (60%) 
X=N02, (45%) 
X=H, R=CgHg (59%) 
The acetyl enic compound H was prepared by alkylation of the 
requisite lithium acetylide with 3-bromocyclohexene in the presence of 
cuprous iodide (eq. 16). If the reaction is performed without the added 
)CH, 
U-
^Br 
2 n-BuLi Cul 
O' 
17 50% 
cuprous iodide, the yield of alkylated product is very low. Cyclization 
of acetylene 17 by mercuric acetate produced the desired mercurated 
benzofuran (22) in a yield of 30% (eq. 17). This reaction shows that 
.OCH, Hg(OAc), 
HOAc 
-4 NaCl (17) 
17 22 (30%) 
additional carbon-carbon double bonds can be accommodated. 
The preparation of 2,2'-dimethoxydiphenyl acetylene (^) was 
accomplished in a series of steps starting from 2-anisaldehyde (Scheme 
I). The benzoin condensation of 2-anisaldehyde using potassium cyanide 
14 
Scheme I 
24 (64%) 
KCN 
EtOH/HgO 
NHgNHg'HgO 
n-CjHyOH 
23 (42%) 
CH, rY 
Nx 
25 (50%) 
OCH 
C=C-
18, (17%) 
X)CH3 CUSO^ 
llT" o CGHGN 0 OH /— 
6CH3 
HgO 
^^'^3^2^6^4 
(67) produced 2,2'-dimethoxybenzoin (^) which was then oxidized with 
copper(II) sulfate-pyridine (68) to yield 2,2' -d imethoxybenz i 1 (^). The 
benzil derivative was converted to the corresponding dihydrazone ^ which 
was subsequently eliminated using mercuric oxide in refluxing xylenes to 
produce the desired acetylene (69). The acetylene was then eyelized by 
the reaction with mercuric acetate to produce 2-(2-anisyl)-3-
15 
chloromercuribenzofuran in 58% yield (eq. 18). 
OCH-
^ NaCl) 
(18) HOAc 
CH,0 3' 
26,(58%) 
Isocoumarins and chromones Isocoumarins (lH-2-benzopyran-l-one, ^) 
(70) are a class of naturally occurring lactones. Among the isocoumarins 
that have been isolated are: 3-(2-butynyl)isocoumarin (28), or 
capillarin, which is one of the acetylenic components of Chrysanthemum 
frutescens L. (71); 3,4-dimethy 1 -8-hydroxyisocoumarin (^), or 
oosporalactone, which is reported to be produced by the mycelium and cell 
filtrate of Oospara, a microorganism obtained from air (72); artemidin 
(^) which is isolated from the above ground portion of the tarragon 
plant (73); 3-ji-propylisocoumarin (31) which has been isolated from the 
roots of Felicia wrightii (74); and 3-phenylisocoumarin (32) which has 
been found in the leaves of Homalium laurifolium Jaco (75). 
O 0 0 
5 4 
16 
HO 0 
29 
CHgigCH, 
30. 
CH=CHCH2CH3 
31. 32 
Isocoumarins have been prepared in many ways. The cyclization of 
homophthalic acid derivatives provides an entry into the isocoumarin ring 
system (70) (eqs. 19, 20). The cyclization of 2-carboxybenzyl ketones is 
a method that has been used to prepare substituted isocoumarins (eq. 21) 
(76). Narasimhan and Bhide (77) have developed an isocoumarin synthesis 
which utilizes the ortholithiation of N-methylbenzamides (eq. 22). 
H 
CHGCHO 
(19) 
COgCHg 
CH3O 3 
HCOgCHj 
CHjONa 
HCl, 
CO2CH3 
CH30 
17 
3 
CH 3 H , +  
» 3 
( 21 )  
CH3O 
CONHCH 
1) H-BuLi 1) "OH 
^ 
^ CHgO-
( 2 2 )  
Recently, two novel approaches for the synthesis of isocoumarins 
have been developed. Both of these methods involve the use of 
organotransition metal chemistry. The method developed by Larock and 
coworkers (78) uses the reaction of an ortho thallated benzoic acid with 
an olefin in the presence of lithium tetrachloropalladate (eq. 23). A 
TFA=02CCF3 
variety of substituted isocoumarins have been prepared by this method. 
Korte, Hegedus, and Wirth (79) have prepared isocoumarins by the reaction 
of a TT-allylnickel complex with a 2-bromobenzoate followed by cyclization 
of the resulting intermediate (eqs. 24, 25). 
0 
18 
+ CH,0-<^NiBr/ 
1) DMF 
2) H,0' 
NaH. (24) 
.^CH, 
1) DMF NapCO, ,, (25) 
Chromones (4H-l-benzopyran-4-one, ^) (80) are found much more 
widely in nature than are isocoumarins. Many of the naturally occurring 
chromones are substituted in the 2-position with a phenyl derivative. 
These compounds are classified as flavones. Flavones are found in all 
parts of plants, but they are most obvious as pigments in flower 
petals. One of the chief flavones of the flowers and seeds of the 
hawthorn, Crataegus oxyacantha, is quercetin (M) (81). Flavone (^), 
primuletin {3^) and primetin (^) are all found in the powdery coating 
that develops on the outside of the leaves and stalks of some species of 
Primula (82, 83). 
8 
HO H 
33 34, 
19 
0 
35 36a: R=H 
R=OH 
Several flavones are reported to possess some biological activity. 
It has been reported that flavone itself has coronary dilating activity 
(84). Tricin (^) is held responsible for the disease bloat in cattle 
eating lucerne (85) by inhibiting smooth muscle movement. Acacetin (^) 
has been reported to possess antiinflammatory activity and it also causes 
a reduction in capillary fragility (84). The synthetic flavone (^) has 
been used clinically in Italy as a coronary vasodilator (84). 
0 0 HO 
39, 
37: R^=R^=OCH-, R^=OH 
38: R^=R^=H, R^=OCH, 
These are two major methods that have been used for the synthesis of 
chromones. The Baker-Venkataraman rearrangement (80) involves the 
20 
isomerization of an 0;-benzoyloxyacetophenone to an o-hydroxy-g-diketone 
via an internal Claisen condensation. In some cases, the diketone that 
is produced will spontaneously cyclize to the chromone while in others an 
acid catalyst is necessary (eq. 26). The other method is the Allan-
O^COR base, ^OCH, COCHGCOR 
Robinson condensation (80). This method is a condensed form of the 
Baker-Venkataraman rearrangement. An o^hydroxyacetophenone intended to 
provide ring A is heated with a mixture of the sodium salt and the 
anhydride of an acid intended to provide ring B. This sets up conditions 
suitable for the successive formation of the £-acyloxyketone, the Baker-
Venkataraman rearrangement, and the final cyclization to produce the 
chromone (eq. 27). If one lets R^=0CH3; this reaction can be used for 
OCHgR' 
(RTCOjgO 
R^COgNa 
(27) 
the synthesis of 3-hydroxychromones. This was employed by Goldsworthy 
and Robinson (86) in their synthesis of the flavonol herbacetin (^) (eq. 
2 8 ) .  
21 
HO 
+ 
,0 
'3 
2) HI 
(28) 
40. 
In an attempt to extend the mercury-assisted intramolecular 
cyclization to other naturally occurring ring systems, such as 
isocoumarins and chromones, the reaction of acetylenes 41-^ was 
examined. 
'COGCHG 
CsCfCHgJgCH :OC=CR 
£,: R=(CH2)2CH3 
S" 
The acetylene ^ was prepared by the reaction of methyl 2-iodo-
benzoate with cuprous ji^-propylacetylide in refluxing 
dimethy1formamide. The reaction of this acetylene with mercuric acetate 
produced the desired 4-ch1oromercuri-3-propy1isocoumarin (44) in a yield 
22 
of 65% (eq. 29). 
Hg(OAc)g ^ L^^^C=C(CH2)2CH2 NaCI ) CHgJgCHg (29) 
41 
HgCl 
44 (65%) 
The acetylenes necessary for the synthesis of the chromone ring 
system were prepared in two different ways. The acetylenic ketone ^ was 
prepared in 70% yield by the reaction of 2-anisaldehyde with 1-lithio-l-
pentyne in tetrahydrofuran followed by oxidation of the intermediate 
alcohol with Jones reagent (87) (eq. 30). Compound ^was synthesized by 
reacting the acid chloride of 2-anisic acid with cuprous phenyl acetylide 
using the procedure of Bourgain and Normant (88) (eq. 31). 
Jones (30) 
42 (70%) 
(31) 
43 (47%) 
The treatment of acetylene 42 with mercuric acetate resulted in the 
23 
formation of the 3-merçurated chromone derivative (45) in a yield of 
60%. The 3-chloromercuriflavone (46) can be prepared in 58% yield by the 
cyclization of acetylene ^ (eq. 32). 
Benzothiophenes Benzothiophenes (4^) are the sulfur-containing 
analogs of benzofurans. The benzothiophene nucleus is not a common one 
in natural products, but many synthetic benzothiophene derivatives have 
found a variety of uses. Benzothiophene has been isolated as a minor 
component of coffee (89) and it has been reported that benzothiophene 
possesses some insecticidal properties (90, 91). The disubstituted 
benzothiophene derivates show very good antianginal and 
antiadrenergic activity (92, 93). Metizoline or Benazoline (^) which 
contains the benzothiophene nucleus is commercially available as a nasal 
decongestant (94)_. The benzothiophene derivative 50_ is reported to be 
useful as a laxative (95) and benzothiophene ^ has been shown to be 
useful as a contraceptive (96). The acetic acid substituted 
benzothiophene ^ has shown some antiinflammatory and antiarthritic 
activity (97). 
Hg(OAc) (32) 
S. 43 
0 
R=(CH2)2CH3 (60%) 
R=CgHg (58%) 
24 
47 
CHoCH, 
OfCHgigNRg-HCl 
,l_n_ n2. R'=Br, R^=(CH2)2CH3 
R^=(CH2)3CH3 
S\ /CH, 
CH; 
49 
SCH 
'SCH 
50. 
HgCOgH 
52 
51 
25 
The benzothiophene nucleus is prepared in much the same way as is 
the benzofuran nucleus. The polyphosphoric acid promoted cyclization of 
(arylthio)acetaldehyde dialkyl acetals and (arylthio)-acetones (94) 
provides the most useful entry into various substituted benzothiophenes 
(eqs. 33, 34). 
SCH2CH(0RT)2 
PPA (33) 
•SCHR^COR^ 
PPA (34) 
The reaction of 2-bromothiophenol with a cuprous acetylide under 
carefully controlled reaction conditions provides a route to 2-
substituted benzothiophenes (98) (eq. 35). 
'SH 
+ CUCECR > (35) 
Since benzothiophenes are such an interesting class of heterocyclic 
compounds, their preparation by the mercury-assisted cyclization was 
examined. The required acetylene 5^ was prepared by the reaction of 2-
iodothioanisole with cuprous jr-propylacetylide. The reaction of this 
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acetylene with mercuric acetate led to the formation of the cyclized 
compound, 3-chloromercuri-2-propylbenzothiophene (54), in a yield of 66% 
(eq. 36). 
Indoles The indoles are one of the most widely studied classes 
of naturally occurring heterocyclic compounds. Indole derivatives are 
essential in both plants and animals. There have been many uses 
discovered for indoles. Trytophan (^) is one of the essential amino 
acids and it has been reported that tryptophan inhibits the growth of 
tuberculosis (99, 100). Skatole, 3-methylindole (^), wh.ich has been 
isolated from various sources, is reported to show both antidiuretic 
(101) and tuberculostatic activity (102). The corresponding 2-methyl 
derivative has been used as a growth stimulant for farm animals (103). 
The major plant growth hormone is indoleacetic acid (^) (104). 
Indomethacin (^) is an enzyme inhibitor (105) and has been reported to 
have antiinflammatory, antipyretic, and analgesic activity (106). The 
2,3-dipenyl indole derivative has found use as an optical bleaching agent 
for nylon (107). 
Hg(OAc) 
54 (66%) 
27 
55. 
R=CH2CH{NH2)C02H 
57: R=CH, 
58; R=CH.CO,H 6 L 
N^CH, 
CHgCOgH 
Since its discovery in 1883 (108), the Fischer indole synthesis has 
remained the most versatile method for the preparation of indoles. The 
Fischer indole synthesis involves the cyclization of an arylhydrazone by 
treatment with an acid such as polyphosphoric acid or by treatment with 
zinc chloride (eq. 37). 
acid 4 
catalyst (37) 
The Bischler indole synthesis (109) is another general method for 
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the synthesis of indoles. This method involves the reaction of 
arylamines with a-halogenated ketones, a-hydroxyketones, or a-
anilinoketones (eq. 38). This reaction has been used for the synthesis 
of a variety of substituted tetrahydrocarbazoles (110). 
Q 
+ XCHCCHoR^ (38) 
There are also approaches to indoles which utilize organotransition 
metal chemistry. Hegedus et (111) have cyclized 2-allylanilines with 
a palladium(II) salt to prepare indoles (eq. 39). Castro and coworkers 
aHR , ^NHR r fTNiBr/g (39) CH2CH=CH2 
(CHgCN)2PdCl2 
r 
(65) have reported that the addition of a cuprous acetylide to 2-
iodoaniline produces indoles if the reaction is performed in N_,_N-
dimethylformamide, but if pyridine is used as the solvent, a mixture of 
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the acetylene substitution product and the indole are obtained (eq. 40) 
+ CUCECR 
C.H.N 
rv' 
CR 
The cyc l izat ion of  various acetylenic substituted aniline 
derivatives (60a-d) were examined in an effort to extend the 
intramolecular cyclization to the preparation of mercurated indoles. 
iSà 
Jb 
c 
d 
NR^R^ 
CsCtCHgjgCHg 
R^=H, R^=COCH, 
I P  J R'=R =CH-
1 2 J R'=R =H 
R^=CH3, R^=C0CH^ 
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The acetylene ^ was prepared by the reaction of_N-acetyl-2-
iodoaniline with cuprous n.-propylacetylide. The reaction of this 
acetylene with mercuric acetate failed to produce any mercurated indole 
and resulted only in the recovery of the starting acetylene. 
The preparation of acetylene ^ presented some difficulty. If the 
reaction of the corresponding ortho iodo derivative and cuprous jn-
propyl acetyl ide was performed in J^,];[-dimethylformamide, _N-methyl-2-
propylindole {^) was the sole product isolated in a yield of 51%. When 
the substitution reaction was done in pyridine, the desired acetylene 
could be isolated in a yield of 46% along with 30% of the indole (eq. 
41). The reaction of the acetylenic compound with either mercuric 
acetate or mercuric trifluoroacetate also failed to produce the desired 
mercurated indole (Scheme II). 
The free amine compound, 2-(l-pentynyl) aniline (^), had to be 
prepared by the reaction of 2-iodonitrobenzene with cuprous jr-
propylacetylide followed by reduction of the nitro group with stannous 
chloride. Treatment of this acetylene with mercuric acetate did produce 
the indole in 60% yield, but, the compound did not contain any mercury 
DMF) 
r 3 
^ I . I 
61, (51%) 
(41) 
CqHrN 
m (46%) + ^ (30%) 
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group. The NMR spectrum for the compound isolated was identical to that 
reported for 2-propylindole (^) (112). Several other mercuration 
reactions of this acetylene were examined in hopes of isolating the 
mercurated indole. The results of these reactions are shown in Scheme 
III. 
Scheme II 
x^>^=C(CH2)2CH2 
60b 
HgfOAcjg, HOAc 
RT, 30 min. 
HgfOgCCFgjg, THF 
RT, 30 min. 
Hg(OAc),, HOAc 
RT, 6h 
MO. 
HgfOgCCFgjg, CFgCOgH^ 
RT, 24h ^ 
60b 
Scheme III 
ECfCHgigCH: 
60c 
RT, 30 min. 
HgKOpCCF^),, THF 
RT, 30 min. ^ 
Hg(0Ac)2, HOAc 
NaCl 
NaCl. 
\iC3H7) 
(60%) 
^ (50%) 
62 (42%) 
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The preparation of compound 60d was also accomplished by the 
reaction of the 2-iodo derivative with cuprous ji-propylacetylide in 
refluxing N^.Nj-dimethylformamide. The substitution reaction produced the 
desired acetylene in a yield of 29%, but it also produced ]^-acetyl-2-
propylindole in 32% yield (eq. 42). Treatment of compound with 
either mercuric acetate in acetic acid or mercuric trifluoroacetate in 
tetrahydrofuran followed by an aqueous sodium chloride work-up produced 
N_-methyl-2-propylindole (^) in yields of 46% and 50%, respectively. 
Since the corresponding 3-chloromercuri compound was not isolated, the 
acetylene was stirred in glacial acetic acid to determine if the 
cyclization was occurring because of the acid, but this led only to the 
recovery of the starting acetylene. Various other conditions were 
examined in an attempt to isolate the desired mercurated indole (Scheme 
The indole ^ can be mercurated directly to provide N^methyl-S-
ch 1 oromercuri-2-propy 1 indole (M) in a yield of 80%. Treatment of the 
chloromercuri compound with silver acetate to effect ligand exchange 
gives the intermediate 65 which upon stirring in glacial acetic acid 
produces the starting indole (Scheme V). This shows that the acetic acid 
63 (32%) 
IV). 
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Scheme IV 
CH. 
fH3 
^<^^NCOCHg 
CECtCHg)^^, 
60d 
Hg(OAc)p. HOAc^ NaCl) 
RT, 30 min. 
HgfOgCCFgig, THF 
RT, 30 min. 
HOAc 
HgClp, CH3OH 
NaOAc, RT, 20h 
Hg(OAc),, HOAc 
RT, 30 min. 
§1 (46%) 
^ (50%) 
61 (41%) 
Scheme V 
CHj ÇH3 
®2'2™3 HgfOAc)^. CH^QH 
"T. NaOAc. 5h > 
61 64 (80%) 
f"3 
ACOAC , ' JOA^ 61. 
igOAc 
Y 
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in the reaction is causing protodemercuration of the intermediate mercury 
compound to produce the indole. In the reaction with mercuric 
trifluoroacetate in tetrahydrofuran, the proton source could possibly 
arise from acid generation during the aqueous sodium chloride work-up. 
Other cyclizations There are other classes of heterocyclic 
compounds which could possibly be prepared by the intramolecular 
cyclization reaction. The preparation of benzopyran derivatives and 
dihydrobenzoxepin derivatives by this reaction was attempted through the 
use of acetylenes 66-59. 
OCH, 
C=C(CH2)2CH3 CHgCsCfCHgjgCHg 
66 67 
68 69 
The acetylene ^ was easily prepared by the reaction of o_-
methoxybenzyl bromide with 1-lithio-l-pentyne. Treatment of this 
acetylene with either mercuric acetate or mercuric trifluoroacetate under 
a variety of conditions failed to produce any cyclized compound and the 
only compound isolated was the starting acetylene (Scheme VI). This is a 
bit surprising since 2-butyne reacts under similar conditions to provide 
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the corresponding acyloxymercury addition compound. 
Scheme VI 
Hg(OAc)p. HOAc^ 
RT, 30 min. 
HgfOAcjg, HOAc ^ 
RT, 20h ^ 
NaCl) ^ 
HgfOAcjg: HOAc^ 
nCC, 1.5h * 
HgtOgCCFgig, THF^ 
RT, 20h ^ 
Hg(0gCCFg)2, CF^COgH ^ 
RT, 20h ^ 
The preparation of methyl 2-(l-pentynyl)benzyl ether (^) was 
accomplished by the reaction of the 2-iodo compound with cuprous jr-
propylacetylide. The reaction of compound ^ with mercuric acetate using 
the usual thirty minute cyclization condition resulted in the recovery of 
the starting acetylene. If the reaction time was increased to twenty 
hours, intramolecular cyclization did occur. However, the product that 
was isolated was not the expected mercurated 2-benzopyran, but instead 
the corresponding 5-membered ring heterocycle 70 (eq. 43). 
CH2CeC(CH2)2CH, 
66 
36 
CHgOCH^ Hg(0Ac)2» HOAc 
RT, 20h (43) 
:^^Z=Z{ZW^)^ZW^ 
68 
70 (39%) 
The acetylenes 68 and ^ were both prepared from £-tolylacetic acid 
by ortho thallation with thallium trifluoroacetate followed by iodination 
with potassium iodide. The acid was then esterified and reacted with 
cuprous ^-propylacetylide to produce acetylene 68. The acetylene M was 
prepared by reduction of the iodo acid followed by formation of the 
methyl ether and reaction with cuprous n_-propylacetylide. Treatment of 
compound with mercuric acetate followed by reduction with alkaline 
sodium borohydride produced the ketone Tl as determined by gas 
chromatographic-mass spectral analysis. The ketone Jl presumably arises 
from the e-acetoxy vinylmercury compound 72 (eq. 44). The reaction of 
Hg(OAc) 
68 
( 4 4 )  
0 
71 
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acetylene M with mercuric acetate for thirty minutes at room temperature 
led to the recovery of the starting acetylene. When the reaction was 
carried out for twenty hours at room temperature, the product isolated 
was the 6-acetoxy vinylmercury compound ^ in a yield of 44% after column 
chromatography (eq. 45). 
CH 
(CH2)20CH2 
^^s^^C=C(CH2)2CH, 
69. 
Hg(OAc)g. HOAc ^aCl 
RT, 20h 
CHgCHgOCH] 
^gci (45) 
Ac/ ^iCHgjgCHj 
73 (44%) 
It has been reported by several workers that various aryl 
propargylic ethers will undergo cyclization when treated with a mercuric 
salt (eq. 46-48) (113-115). Most of these cyclizations have been carried 
out under acidic conditions, and the organomercurials were not 
isolated. The only case where the organomercurial was isolated was the 
reaction performed by Bates and Jones (eq. 48) (115). 
0CH2(SC CHgSCgHg HgO. HOAc 
80°C, 40 min. 
4 (46) 
0CH2C=C-)2 Hg(OAc)p, HOAc 
cat. HgO, HgSO^ ^ 
(47) 
38 
iCHgCsCH 
CHgCTg 
(48) 
'/gHg 
In an attempt to prepare the mercurated benzopyran ring system, the 
cyclization of the aryl propargylic ether M was examined. The ether was 
prepared by the reaction of sodium phenoxide with l-iodo-2-butyne. The 
reaction of 2-butynyl phenyl ether (M) with mercuric acetate in acetic 
acid produced the eyelized compound ^ in which protodemercuration had 
occurred. When the reaction was performed using mercuric 
trifluoroacetate in tetrahydrofuran with or without added base, the 
desired 3-chloromercuri-4-methyl-2H-l-benzopyran (^) could be isolated 
in 33-40% yield (Scheme VII). 
Based on the results of the cyclization of 2-butynyl phenyl ether, 
it was believed that if the ring was kept about the same electronically 
as in the above case, then this reaction could possibly be used for the 
preparation of mercurated carbocycles. This possibility was examined by 
using acetylenes 77a-^ 
Acetylene 11^ was prepared by the reaction of 3-methoxybenzyl 
bromide with i-lithio-l-pentyne. All attempts at cyclization of this 
compound failed and resulted in the recovery of starting material. 
39 
Scheme VII 
aOCH«C=CCH. 
74 
HgfOAc),, HOAc 
> > 
RT, 30 min. 
HgfOgCCFg);, THF 
3MgO, RT, Ih 
HgfOpCCFgjg, THF^ NaCI) 
3MgO, RT, 48h 
75, (40%) 
(40%) 
76 (33%) 
^ a (38fl 
RT, 48h 
':"3V'^™2)„CeC(CH2)2CH3 U 
m 
c: 
n=l 
n=2 
n=3 
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The synthesis of 77b was accomplished by the procedure of Suzuki et^ 
al. starting with 3-methoxystyrene (eq. 49) (116). The reaction 
OCH, 
1) BHg'THF 
•CH=CH 
78 
2) LiC=C(CH2)2CH3 
3) Ig 
4 77b (49) 
of 77b with mercuric trifluoroacetate in tetrahydrofuran in the presence 
of three equivalents of magnesium oxide for ten hours produced the 
desired 3-chloromercuri-7-methoxy-4-propyl-lj2-dihydronaphthalene in 
a yield of 30%. The same yield was obtained if the reaction time was 
increased to twenty hours (eq. 50). 
u HgfOgCCFg)^, THF NaCl. 3MgO, RT, lOh 
77b 
(50) 
(CH2)2CH3 
7g(30%) 
Compound llz was prepared in the same manner as starting with 3-
allylanisole. The reaction of 77c under the conditions used for the 
cyclization of 77b led mainly to recovery of starting material with no 
4i 
eyelized product being observed. 
The acetylene ^ was also examined to determine if the methoxy 
substituent is necessary for cyclization. Treatment of l-phenyl-3-
heptyne (^) with mercuric trifluoroacetate followed by alkaline sodium 
borohydride reduction produced a mixture of two ketones, ^ and as 
•determined by gas chromatographic-mass spectral analysis and infra-red 
analysis (eq. 51). These two ketones presumably arise from a mixture of 
HgfOgCCFgjg, THF NaBH4 
3MgO, RT, 20h ^ * 
80 (51) 
CHgjgCOfCHgjgCHg ^^^^(CH2)2C0(CH2)^CHg 
g-trifluoroacetoxy vinyl mercury compounds which result from mercuric . 
trifluoroacetate addition across the carbon-carbon triple bond. 
Functionalization of the orqanomercurials There are a variety of 
reactions which organomercurials are known to undergo (i). These 
reactions have been used in this work both as a tool for determining the 
product of the mercuration reaction and as a method for the preparation 
of the disubstituted ring system. 
Removal of the mercury moiety by reduction with alkaline sodium 
borohydride (117) was the most common method used for structure 
identification. This reaction was especially useful in those cases where 
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the cyclization reaction could produce either of two ring sizes. The 
reduction of the product from the cyclization of 2-(1-pentyny1)aniso1e 
(jj provided 2-propylbenzofuran (^) in 90% yield (eq. 52). Reduction of 
the mercurial formed from the cyclization of methyl 2-(l-pentynyl) 
benzoate (41) proved that the eyelized compound was the isocoumarin (44) 
and not the corresponding five-membered phthalide on the basis of the 
chemical shift and multiplicity of the vinyl hydrogen. The reduction of 
compound ^ also provided evidence for cyclization to the six-membered 
ring. The chemical shift and multiplicity of the vinyl hydrogen in 
compound M obtained by the sodium borohydride reduction of compound ^ 
provided evidence for formation of the six-membered ring product. The 
ring size and regiochemistry of compound M were most easily determined 
by comparison of its spectral data with that reported for compound 85 
1) Hg(OAc) \XCH2)2CH3 
(52) 
83 (90%) 
(118).  
84 85 
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The halogenation of an organomercurial provides another useful 
method for determination of the position of the mercury atom in the 
molecule. The iodination was performed using two different substrates to 
produce the corresponding halogenated heterocyclic compounds (eqs. 53, 
54). 
II CHCl 
CH2)2CHg L 
4 (53) 
86 (75%) 
CH2)2CH 
45 
CHCl. 
°^(CH,),CH 2'2^"3 
(54) 
87 (93%) 
Recently, Larock and Bernhardt (119) have developed a procedure for 
the acylation of organomercurials using an acid halide in the presence of 
aluminum trichloride. This acylation reaction was carried out using 3-
chloromercuri-2-propylbenzofuran and acetyl chloride to provide the 
2,3-disubstituted compound, 3-acetyl-2-propylbenzofuran (^), in a yield 
of 75% (eq. 55). 
(CHgjgCH CHgCOCl, AlCl. 
CHgClg 
CHgjgCHg 
(55) COCH, 
88 (75%) 
There are several useful methods which utilize the transmetallation 
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of organotnercurials by palladium (II) salts to transform the mercury 
moiety into other functional groups. Heck (120) has reacted 
organomercurials with olefins in the presence of palladium salts to 
provide products where the olefin has replaced the mercury group. The 
reaction of 3-chloromercuri-2-propyl-benzofuran (2) with methyl aerylate 
under the conditions used by Heck did produce the desired olefin 83 in a 
yield of 65% (eq. 56). Larock (121) has developed a procedure for the 
•"^HgCl 
HgOCHCOgCHg 
LiCl, PdClg (56) 
CH3CN H / '^COoCH 2^"3 
89 (65%) 
preparation of esters and acids using the reaction of an organomercurial 
with carbon monoxide in the presence of lithium tetrachloropal1adate. 
This reaction was performed using 3-chloromercuri-2-propylbenzofuran (^ 
to provide 3-carbomethoxy-2-propylbenzofuran (90) in 89% yield (eq. 57). 
CH2)2CH CO, CHjOH 
LigPdCl^, 2MgO^ 
CH2)2CH3 
(57) 
COgCHg 
90 (89%) 
The carbonylation reaction was also used in the synthesis of the 
biologically important coumestan ring system (^) starting from 2-(2-
anisyl)-3-chloromercuri-benzofuran (26) (eq. 58). 
45 
LigPdCl^, 2MgO 
100% 
CO, CH3OH 
26 
(58) 
0 
91 (90%) 
Coumarins The coumarins (122, 123) (2H-1 -benzopyran-2-one, (^)) 
are a large class of important naturally occurring compounds. They are 
commonly found in grasses, orchids, and citrus fruits. Many coumarins 
have been reported to have a variety of physiological activities such as 
antibacterial, anticarcinogenic, and anticoagulant activity. Some of the 
most important physiological activity is observed in coumarin derivatives 
which possess a hydroxy1 substituent in the 4-position. One of the 
widely used rodenticides is the 4-hydroxycoumarin derivative, wayfarin 
(93) (124). Potent antibacterial activity has also been seen in 
compounds M and M (125, 126). The simple 4-hydroxycoumarin 96 exhibits 
both anticarcinogenic and anticoagulant activity (127, 128). Dicoumarol 
(^) has found widespread clinical use as a blood anticoagulant (122). 
Strong anticoagulant activity has also been observed for 3-hexyl-4-
46 
hydroxycoumarin (^) (129). On the other hand, 3-methyl-4-
hydroxycoumarin (98b) has been reported to behave very similar to vitamin 
K (130). 
8 1 
ÇHCHgCOCH^ 
5 4 
92 
^ ^6^5 
93 
0-^0 
94 95 
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A number of methods are available for the synthesis of 4-
hydroxycoumarins. In the simplest method, a phenol is treated with an 
equimolar amount of malonic acid in the presence of two to three 
equivalents each of anhydrous zinc chloride and phosphoryl chloride at 
60-75°C (131). This method was used by Venturella and co-workers (132) 
in their synthesis of siderin (eq. 59). 
Boyd and Robertson (133) obtained 4-hydroxycoumarins by condensation 
of £-hydroxyacetophenones with diethyl carbonate and sodium. Fukui and 
co-workers (134) used this coumarin preparation in their synthesis of 
isohalfordin (eq. 60). 
(59) 
3 
2) acid 
(60) 
OCH 3 
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* 
In an effort to prevent cyclization to the benzofuran nucleus either 
by a steric or an electronic effect, the mercuration of acetylenes 99 and 
100 was examined. It was hoped that these acetylenes might provide the 
originally desired B-acetoxy vinylmercury compounds. It was anticipated 
that the g-acetoxy vinylmercury compounds should be easily converted to 
the biologically active coumarin ring system. 
The acetylenic ketone ^ was prepared by alkylation of lithium 2-
methoxyphenylacetylide with propionaldehyde. The resulting alcohol was 
then oxidized with Jones' reagent to provide the desired acetylene. The 
reaction of this acetylene with mercuric acetate for thirty minutes at 
room temperature resulted in recovery of the starting acetylene. When 
the reaction was carried out for twenty hours, the desired 6-acetoxy 
vinylmercury compound ijQl was isolated but in a yield of only 12% (eq. 
61). Because of the low yield, no further work was carried out on this 
system. 
C=CCOCHoCH 
99 100 
Hg(OAc) 
C=CCOCHoCH, 
( 6 1 )  
101 (12%) 
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The preparation of acetylene ^ involved the alkylation of the 
lithium acetylide of 2-^-buty1dimethy1 sily1oxypheny1acety1 ene with 
dimethyl sulfate. The lithium acetylide was prepared by treating the 
corresponding qetn-dibromoolefin with two equivalents of n_-butyllithium. 
The addition of mercuric acetate to this acetylene produced two isomeric 
mercurials ^ and as determined by NMR spectral analysis (eq. 
62). After thirty minutes, the ratio of 102 to was 5:1, but the 
total yield was only 27%. After twenty hours, the ratio was the same, 
but the yield had doubled. Finally, at forty-eight hours, the ratio was 
12:1 and the mercurials could be isolated in 66% yield. The structures 
of and were assigned by comparing the chemical shifts of the 
acetate and the methyl resonances in the proton NMR with those given by 
Uemura and coworkers (28) for the adducts of mercuric acetate addition to 
1-pheny1-1-propyne. The isomeric ratio was determined by NMR integration 
of the acetoxy methyl protons. The desired, major isomer (^) could be 
isolated in pure form by column chromatography. 
The vinylmercury compound ^ was carbonylated in methanol in the 
presence of lithium tetrachloropalladate to give the unsaturated ester 
IM in a yield of 70% (eq. 53). The carbonylation conditions also led to 
the formation of the starting acetylene ^ in approximately 20% yield. 
Desilylation and cyclization of was then examined to see if this 
ester could be converted into the coumarin ring system. Attempted 
desilylation using an acetic acid/tetrahydrofuran/water (3:1:1) mixture 
(135) at room temperature for twenty hours yielded no silyl ether 
50 
0Si(t-Bu)He2 Hg(oAc) 
C=CCH, 
TOO 
HOAc 
2_^ NaCl ^ 
Si (t-Bu)Me.. 
/xHgCl 
Acer ^CH, 
102 
J)Si(t-Bu)Me2 
,OAc 
103 
(62)  
Si(t-Bu)Me2 [Q, CH3OH 
/HgCl 
AcO CHg 
102 
LigPdClq, 2Mg0 
3 days 
OSi(t-Bu)Me, 
/CO5CH. 
;C=C "I 
AcO" ^CHg 
104 (70%) 
(53) 
cleavage and was the only isolated product. The desilylation • 
conditions of Newton ^(136) (aq. HF/CH3CN) also proved unsuccessful 
leading to recovery of 104. The use of tetrabuty1ammoniurn fluoride (135) 
did generate the coumarin ring system as seen by NMR, but the yield was 
low and the compound could not be isolated cleanly. The desilylation and 
cyclization of the ester was finally accomplished by heating the ester in 
a mixture of hydrofluoric acid/acetic acid/tetrahydrofuran/water 
5i 
(1:3:1:1) at 5b°C for twenty hours followed by quenching the reaction 
mixture with aqueous potassium carbonate. This method produced the 
desired 4-acetoxy-3-methyIcoumarin (i05) in a yield of 65-70%. When the 
reaction was performed on a larger scale (7 mmoles), the corresponding 4-
hydroxy compound 106 was also obtained (eq. 64). 
^."^îîjs^OSi (;t-Bu)Me2 
AcO N:h 
104 
COgCHg 
HF / HOAc 
THF / HgO 
55*C, 20h 
(64) 
OR 
105: R=COCH, 
106: R=H 
Since the 3,4-disubstituted coumarins such as 107 (137) also show a 
variety of physiological activity, the substitution of the acetoxy group 
in 105 by an organocuprate reagent was examined. Under all conditions 
that were attempted, the major product observed was the starting 
coumarin. The various conditions examined are given in Table II. 
1I-C3H7 
107: R=H or CH, 
52 
Table II. Attempted Alkylation of ^ with Organocuprates 
RLi (equiv) Cu(I) sait (equiv) solvent temp (°C); time 
CHgLi (2.2) Cul (1.1) EtgO -78 ;  3 0  m i n  
CHgLi (4) (BUgPjCuI (2) THF -78 ; 15 min 
CHjLi (4) (BugPjCuI (2) THF -78 ; 1 h 
CHgLi (4) (Bu3P)CUI (2) THF -78 ; 30 mi ri 
0 ; 30 min 
CHjLi (4) CuCN (2) THF -78 ; 30 min 
25 ; 5 h 
n-YgLi (4) Cul (2) THF -78 ; 1 h 
0 ; 1 h 
25 ; 15 h 
53 
Conclusion 
The mercury-assisted intramolecular cyclization of aryl acetylenes 
presented in this chapter provides a novel approach to a variety of 
naturally occurring and physiologically active heterocyclic ring 
systems. Through the use of known reactions of organomercurials, the 
mercury moiety can be readily substituted by a variety of useful 
functional groups to generate the disubstituted heterocyclic ring 
system. The Intramolecular cyclization followed by carbonylation of the 
resulting mercurated benzofuran derivative provides an efficient entry 
into the biologically important coumestan ring system. By changing the 
aryl methyl ether to an aryl ^-butyldimethylsilyl ether, the 
intramolecular cyclization can be prevented. The mercuration reaction 
then furnishes g-acetoxy vinylmercury compounds which can be transformed 
by carbonylation and cyclization into the naturally occurring coumarin 
ring system. 
Experimental Section 
Equipment The infrared spectra were recorded on a Beckman IR-4250 
infrared spectrophotometer or a Beckman Acculab 2 spectrophotometer, and 
the NMR spectra on a Varian Associates A-60 NMR, Hitachi Perkin-Elmer 
R-20B NMR or a Varian Associates EM-360 NMR spectrometer. The mass 
spectra were obtained on an AEI MS-902 high-resolution mass spectrometer, 
while the GC/mass spectra were recorded on a Finnegan 4023 GC/MS data 
system. 6LC analyses were performed on a Varian 3700 gas chromatograph 
54 
with an attached Varian CDS-111 chromatography data system. Thin-layer 
chromatography was performed on Merck 60F-254 silica gel plates from MCB 
Manufacturing Chemists, Inc. Silica gel for column chromatography was 
purchased from Davison Chemical (60-200 mesh) and MCB Manufacturing 
Chemists, Inc. (230-400 mesh). Melting points v\fâre determined with a 
Thomas-Hoover melting point apparatus and are uncorrected. Elemental 
analyses were performed by Galbraith Laboratories, Inc. 
Reagents All compounds were used directly as obtained unless 
otherwise indicated. The starting materials were purchased from Aldrich, 
except for 2-iodoanisole (Columbia Organics) and 1-pentyne (Farchan). 
Phenyltrimethylsilane was prepared in 67% yield by the reaction of 
phenylmagnesium bromide with trimethylchlorosilane. l-Iodo-2-butyne was 
synthesized by bromination of 2-butyn-l-ol with phosphorus tribromide 
followed by reaction of the bromide with sodium iodide. Methyl lithium 
was purchased from Alfa and titrated before use by the method of Watson 
and Eastham (138). £-Butyllithium was also obtained from Alfa and 
titrated using 2,5-dimethoxybenzyl alcohol (139). Mercuric acetate and 
acetic acid were used directly as obtained from Mailinckrodt and Fischer, 
respectively. Methanol was distilled from magnesium methoxide; 
acetonitrile and methylene chloride were distilled from phosphorus 
pentoxide; diethyl ether and tetrahydrofuran were distilled from calcium 
hydride; and N_,j^-dimethy 1 formamide and pyridine were distilled from 
barium oxide before using. Magnesium oxide and lithium chloride were 
purchased from O.T. Baker. Palladium chloride was generously supplied by 
Johnson Matthey, Inc. and Engelhard Industries. Carbon monoxide was 
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purchased from Matheson Gas Products. 
Preparation of ar.yliodides. The preparation of 2-iodo-4-
methox.yanisole, 2-iodo-4-nitroaniso1e and 2-iodothioaniso1e were carried 
out using the procedure of Ullmann (140). The preparation of 2-iodo-4-
[nethoxyanisole is representative. In a 250 mL Erienmeyer flask was 
placed 7.66 g (50.0 mmol) of 2,5-dimethoxyaniline in 70 mL of water 
containing 7 mL of concentrated sulfuric acid. The solution was cooled 
to 0°C and 3.5 g (50.7 mmol) of sodium nitrite in 15 mL of water was 
slowly added. The resulting mixture was stirred for 30 min, then added 
to a cold (~5°C) solution of 15 g (90.4 mmol) of potassium iodide in 60 
mL of water and the stirring was continued for 2.5 h. The aqueous 
solution was extracted with 3 x 100 mL of ether, and the organic extracts 
were washed with 2 x 50 mL of 10% hydrochloric acid, 2 x 50 mL of 
saturated sodium bicarbonate, and 2 x 50 mL of a saturated sodium 
thiosulfate solution, dried (MgSO^) and concentrated. Distillation of 
the concentrate provided 11.1 g (42 mmol, 84%) of 2-iodo-4-
methoxyanisole: bp 98-101°C (0.6 mm Hg) (lit. (141) bp 157°C (10 mm 
Hg)). The compound distills as a pale yellow liquid, but turns green 
upon standing. NMR (CDCI3) 6 3.70 (s, 3H, OCH3), 3.81 (s, 3H, OCH3), 
6.75-7.25 (m, 3H, C5H3). 
The following two aryl iodides were prepared in identical fashion. 
2-1odo-4-nitrpaniso1e; yield 71%; mp 93°C (lit. (142) mp 96°C); 
NMR (CDCI3) 6 4.0 (s, 3H, OCH3), 6.95 (d, IH, J=10 Hz, H-6), 8.35 (dd, 
IH, J_=10 Hz, i=3 Hz, H-5), 8.75 (d, IH, J=3 Hz, H-3). 
2-Iodothioanisole: yield 92%; bp 154-156°C (16 irai Hg) (lit. (143) 
bp I73OC (20 mm Hg)); NMR (CDCI3) 6 2.30 (s, 3H, SCH3), 5.61-7.92 (m, 
4H, CgH^). 
Methyl 2-iodobenzoate; In a 100 ml round-bottom flask was placed 
12.4 g (50 mmol) of 2-iodobenzoic acid in 20 mL of methanol containing 3 
ml of concentrated sulfuric acid. The mixture was refluxed for 2 h, 
poured into 100 mL of water and extracted with 3 x 50 mL of ether. The 
ether extracts were washed with 2 x 20 mL of water, 2 x 20 mL of 5% 
sodium bicarbonate and 2 x 20 mL of brine, dried (Na2S04) and 
concentrated. Distillation at 146-147°C (16 mm Hg) (lit. (144) bp 145-
146°C (16 mm Hg)) provided 10.8 g (41 mmol, 82%) of methyl 2-
iodobenzoate: ^H NMR (CDCI3) 0 3.90 (s, 3H, OCH3), 6.92-8.01 (m, 4H, 
CgH*); IR (neat) 1720 (C=0) cm'l. 
N-Methyl-2-iodoaniline. In a flame-dried 100 mL round-bottom flask, 
2.25 g (10.3 mmol) of 2-iodoaniline was dissolved in 30 mL of dry 
tetrahydrofuran. The resulting solution was cooled to -78°C under a 
nitrogen atmosphere and 6.25 mL of 1.6 M methyl lithium (10 mmol) was 
added dropwise, and the resulting solution was stirred at -78°C for 30 
min. To the solution was added 1.90 g (15.1 mmol) of dimethyl sulfate 
and stirring was continued for 10 min at -78°C. The solution was then 
warmed to room temperature and stirred for 2 h, followed by acidification 
with 10% hydrochloric acid. The reaction mixture was diluted with ether 
and the aqueous layer was removed. The etheral extract was stirred with 
30 mL of concentrated ammonium hydroxide for 30 min. The aqueous layer 
was removed and the organic phase was washed with 20 mL of water and 30 
mL of brine, dried (MgSO^) and concentrated. Distillation at 101-105*^0 
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(2.0 m Hg) (lit. (145) bp 108-110°C (4.5 mm Hg)) yielded 2.03 g (8.7 
mmol, 87%) of N^methyl-2-iodoaniline: NMR (CDCI3) 6 2.80 (s, 3H, 
NCH3), 4.0 (br s, IH, NH), 6.2-7.8 (m, 4H, CgH^); IR (neat) 3410 (NH), 
1590 (C=C) cm"l; mass spectrum m/z 232.97023 (calcd for C7H3IN, 
232.97015). 
Ë-Acetyl-Ë-methy1-2-iodoani1ine. In a dry 250 ml round-bottom 
flask, 2.1 g (9.0 mmol) of _N-methyl-2-iodoaniline was dissolved in 50 mL 
of dry ether and the solution was cooled to 0°C. To the solution, 0.931 
g (9.2 mol) of triethylami ne was added followed by 0.725 g (9.2 mmol) of 
acetyl chloride. The reaction mixture was stirred at 0°C for 30 min, 
then warmed to room temperature and stirred overnight. The amine salts 
were removed by filtration, and the filtrate was diluted with ether and 
washed with 2 x 30 mL of water and 1 x 50 mL of brine, dried (MgSO^) and 
concentrated to yield 2.45 g (8.91 mmol, -100%) of essentially pure _N-
acetyl -N_-methyl -2-i odoan i  1 i ne : NMR (CDCI3) 0 1.80 (s, 3H, NCOCH3), 
3.20 (s, 3H, NCH3), 6.95-8.07 (m, 4H, CgH*); IR (neat) 1665 (C=0), 1590 
(C=C) cm'l; mass spectrum (M*-CH3) m/z 259.95772 (calcd for CgHyINO, 
259.95724). 
l-Acetyl-2-iodoani1ine. This compound was prepared as above 
starting from 2-iodoaniline: yield 76%; mp 109-110°C (lit. (146) mp 
109.5-110OC); NMR (CDCI3) <5 2.28 (s, 3H, NCOCH3), 6.81-8.40 (m, 5H, 
C5H4 and NH); IR (CHC13) 3415 (NH), 1690 (C=0) cm'l. 
Ë,M.-Dimeth.yl -2-iodoani line. In a 100 mL round-bottom flask were 
placed 8.64 g (39.5 mmol) of o.-iodoaniline, 8.47 g (80 mmol) of sodium 
carbonate and 15.2 g (120.6 mmol) of dimethyl sulfate in 50 mL of a 4:1 
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ethanol-water mixture. The contents of the flask were refluxed for 48 
h. After cooling to room temperature, 30 mL of concentrated ammonium 
hydroxide was added to the mixture and stirring was continued for an 
additional 30 min at room temperature. The solution was extracted with 3 
X 50 mL of ether, and the ether extracts were combined and washed with 1 
X 50 mL of brine and 1 x 50 mL of water, dried (MgSO^) and 
concentrated. Distillation of the concentrate provided 9.25 g (37.4 
mmol, 95%) of the title compound: bp 125-128°C (17 mm Hg) (lit. (147) bp 
116°C (11 mm Hg)); NMR (CDCI3) 5 2.75 (s, 6H, N(CH3)2), 5.32-7.89 (m, 
4H, CgH*). 
Methyl 2-iodobenz.y1 ether. In a flame-dried 100 mL round-bottom 
flask under an atmosphere of nitrogen was placed 1.87 g (7.99 mol) of 2-
lodobenzyl alcohol in 30 mL of dry tetrahydrofuran. The solution was 
cooled to -78°C and 5.0 mL of 1.6 M methyl!ithium was added. The 
solution was stirred for 30 min at -78°C, then treated with 1.5 g (11.9 
mmol) of dimethyl sulfate and stirred at -78°C for an additional 30 
min. The cooling bath was removed, and the reaction mixture was warmed 
to room temperature and stirred overnight, followed by acidification with 
10% hydrochloric acid. The solution was extracted with ether and the 
ether was washed with 1 x 30 mL of concentrated ammonium hydroxide, 2 x 
30 mL of water and 1 x 50 mL of brine, dried (MgSO^) and concentrated. 
The concentrate was distilled at 90-94°C (2 mm Hg) (lit. (148) bp 99-
103°C (4 mm Hg)) to provide 1.4 g (5.65 mmol, 71%) of methyl 2-iodobenzyl 
ether: NMR (CDCI3) ô 3.40 (s, 3H, OCH3), 4.38 (s, 2H, CHgO), 6.70-
7.80 (m, 4H, CgH^). 
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Methy1 2-iodo-4-methyTpheny1 acetate. The requisite acid was 
prepared by the thallation-iodination procedure developed by Taylor and 
coworkers (x49). In a dry 100 ml round-bottom flask were placed iO.74 g 
(19.76 mmol) of thallium trifluoroacetate (TlfTFAjg was transferred to 
the flask in a glove bag) and 2.97g (19.8 mmol) of £.-tolylacetic acid in 
20 mL of trifluoroacetic acid. The flask was degassed, then stirred 
under an atmosphere of nitrogen for 48 h at room temperature. The 
reaction mixture was concentrated under reduced pressure, followed by two 
co-evaporations with 1,2-dichloroethane to provide 8.4 g (14.5 mmol, 73%) 
of crude 4-methyl-2-(bis(trifluoroacetoxy)thailium)pheny1acetic acid. 
The crude thallium compound was suspended in 150 mL of water, then 14.9 g 
(90 mmol) of potassium iodide was added all at once, and the reaction 
mixture was refluxed for 5 h. After this time, 1.5 g (7.9 mmol) of 
sodium metabisulfite was added and refluxing was continued for an 
additional 30 min. The reaction mixture was filtered through Celite 
while warm, and the Celite was washed with 200 mL of acetone. The 
aqueous acetone filtrate was extracted with 4 x 60 mL of ether, and the 
ether extracts were washed with 1 x 40 mL of saturated sodium thiosulfate 
and 1 X 40 mL of brine, dried (MgSO/^) and concentrated. The concentrate 
was recrystallized from hexanes to produce 3.37 g (12.21 mmol, 84%) of 2-
iodo-4-methy1 phenyl acetic acid: mp 137-13y°C; NMR (CDCI3) 5 2.30 (s, 
3H, ArCHg), 3.81 (s, 2H, ArCHg), 7.01-7.35 (m, 2H, H-5, H-6), 7.72 (br s, 
IH, H-3), 11.48 (br s, IH, COgH); IR (nujol) 3000 (broad, COgH), 16^5 
(C=0) cm"l; mass spectrum m/z 275.96553 (calcd for CgHgI02, 275.96473). 
The ester was prepared as previously described for methyl 2-
iodobenzoate: yield 100%; NMR (CDClg) 5 2.30 (s, 3H, ArCHg), 3.71 (s, 
3H, OCH3), 3.78 (s, 2H, ArCHg), 7.15 (s, 2H, H-5, H-6), 7.70 (br s, IH, 
H-3); IR (neat) 1730 (C=0), 1600 (C=C). 
Methyl g-(2-iodo-4-methy1)phenethy1 ether. The alcohol was prepared 
by the reduction of 2-iodo-4-methylphenylacetic acid using a modification 
of the procedure used by Corey and coworkers (150). In a flame-dried 100 
mL round-bottom flask, 3.26 g (11.83 mmol) of the acid was dissolved in 
50 mL of dry ether, and the solution was cooled to 0°C. To the solution, 
6.1 g (47.3 mmol) of diisopropylethylamine was added, followed by 4.47 g 
(47.3 mmol) of methyl chloroformate, and the reaction mixture was stirred 
at 0°C for 1 h, filtered and concentrated. The concentrate was placed in 
a dry 250 mL round-bottom flask with 50 mL of dry tetrahydrofuran, then 
degassed and cooled to 0°C. To this solution, 0.520 g (23.85 mmol) of 
lithium borohydride was added (nitrogen backflush) and the reaction was 
warmed to room temperature and stirred until the intermediate carbonate 
had disappeared as indicated by TLC analysis (~ 24 h). The reaction 
mixture was quenched by the addition of water, followed by the dropwise 
addition of 10% hydrochloric acid, diluted with 50 mL of ether and the 
aqueous layer was removed. The etheral layer was washed with 2 x 30 ml 
of brine, dried (MgSO^) and concentrated. The alcohol was isolated by 
column chromatography using hexanes-ethyl acetate (2:1) as the eluent to 
yield 2.38 g (9.1 mmol, 77%) of the desired alcohol (R^ 0.33): NMR 
(CDCI3) 6 2.29 (s, 3H, ArCHg), 2.57 (br s, IH, OH), 2.92 (t, 2H, J=7 Hz, 
ArCH^), 3.80 (t, 2H, J=7 Hz, CHgOH), 7.00-7.15 (m, 2H, H-5, H-6), 7.70 
(br s, IH, H-3); IR (neat) 3150-3550 (OH), 1600 (C=C) cm"-'-; mass spectrum 
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m/z 261.9855% (calcd for CgHjj^IO, 261,98547). The ether was prepared as 
follows. In a dry 100 ml round-bottom flask was placed 0.330 g (13.75 
mmol) of sodium hydride (washed with hexanes and vacuum dried) in 25 ml 
of dry tetrahydrofuran. The flask was degassed and placed under an at­
mosphere of nitrogen. Then, 2.38 g (9.1 mmol) of the alcohol in 25 mL of 
dry tetrahydrofuran was added dropwise and the mixture was stirred for 
1.5 h. To the reaction mixture, 2.0 g (15.87 mmol) of dimethyl sulfate 
was added, and the resulting mixture was stirred overnight at room tem­
perature. The reaction was quenched by the addition of 10% hydrochloric 
acid and diluted with ether. After removal of the aqueous layer, the 
etheral extract was stirred with 30 mL of concentrated ammonium hydroxide 
for 30 min. The organic phase was washed with 20 mL of water and 30 mL 
of brine, dried (MgSO^) and concentrated. Column chromatography of the 
residue using hexanes-ethyl acetate (10:1) as the element provided 1.98 g 
(7.2 mmol, 79%) of the desired methyl ether (R^ 0.35): NMR (CDCI3) G 
2.29 (s, 3H, ArCHg), 2.91 (t, 2H, _J=7 Hz, ArCHg), 3.38 (s, 3H, OCH3), 
3.55 (t, 2H, J=7 Hz, CHgO), 7.00-7.15 (m, 2H, H-5, H-6), 7.70 (br s, IH, 
H-3); IR (neat) 3020 (C=CH), 1600 (C=C) cm mass spectrum m/z 
276.00210 (calcd for C^QHijlO, 276.00112). 
Preparation of acetylenes. The majority of the acetylenes were pre­
pared by the reaction of a cuprous acetylide with the appropriate aryl 
iodide under the conditions described by Castro and coworkers (65). The 
preparation of 2-(l-pentynyl)anisole (1) is representative. In a 100 ml 
round-bottom flask under an atmosphere of nitrogen was placed 2.64 g (20.2 
mmol) of cuprous jx-propylacetylide in 75 mL of dry pyridine. To this 
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mixture was added 4.66 g (19.y mmol) of 2-iodoanisole, and the resulting 
mixture was refluxed for 16-20 h. The reaction mixture was diluted with 
water and ether, filtered through Ce lite, and the filter cake was washed 
several times with ether. The filtrate was separated, and the aqueous 
phase was extracted with 3 x 50 mL of ether. The combined etheral 
extracts and washings were washed successively three times each with 50 mL 
of 1% hydrochloric acid, 50 mL of 5% sodium bicarbonate and 50 mL of 
water, dried (MgSO^) and concentrated. The concentrate was distilled to 
provide 2.51 (15 mmol, 75%) of 2-(i-pentynyl)anisole (^): bp 95-100°C 
(0.7 mm Hg); NMR (CDCI3) 5 1.0 (t, 3H, J=7 Hz, CH3), 1.5 (m, 2H, CHg), 
2.3 (t, 2H, 1=7 Hz, CsCCHg), 3.8 (s, 3H, OCH3), 6.4-7.7 (m, 4H, IR 
(neat) 2230 (CsC) cm"^; mass spectrum m/z 174.10449 (calcd for C12H14O, 
174.10447). 
The following acetylenes were prepared in an identical fashion. The 
acetylenes 14, 15, 53, 60d, 67, 68, and 69 were prepared using dry N,N-
«''W 
dimethylformamide as the solvent, and acetylene 16 was prepared using 
cuprous phenylacetylide instead of cuprous j^-propylacetylide. 
4-Methoxy-2-(1-pentyny1)aniso 1e (14); yield 54%; bp 121-124°C (0.6 
mm Hg); ^H NMR (CDCI3) 0 1.01 (t, 3H, J=6 Hz, CH3), 1.62 (m, 2H, CHg), 
2.45 (t, 2H, 0=6 Hz, CaCCHg), 3.70 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 
6.61-7.20 (m, 3H, CgH3); IR (neat) 2210 (C=C) cm"^; mass spectrum m/z 
204.11760 (calcd for C13H16O2, 204.11503). 
4-Nitro-2-(l-pentynyl)an isole (15): yield 63%; mp 60-62°C; ^H NMR 
(CDCI3) 6 1.05 (t, 3H, 1=6 Hz, CH3), 1.61 (m, 2H, CHg), 2.45 (t, 2H, 1=7 
Hz, CsCCHg), 4.00 (s, 3H, OCH3), 6.90-7.15 (m, IH, H-6), 8.10-8.31 (m. 
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2H, H-5, H-3); IR (CHCI3) 2220 (C=C) cm"^; mass spectrum m/z 219.09028 
(calcd for C12H13NO3, 219.08955). 
2-Methoxydiphenyl acetylene (16) ; yield 53%; bp 120-122°C (0.1 mm 
Hg) (lit. (151) bp 144-1450C (0.2 mm Hg)); NMR (CDCI3) 6 3.80 (s, 3H, 
OCH3), 6.41-8,02 (m, 9H, CgH^, CgHg); IR (neat) 2215 (CeC) cm'l; GC/MS, 
m/z (relative intensity) 208 (100, M"*"), 131 (61). 
Methyl 2-(l-pentynyl)benzoate (41); yield 54%; bp 180-182°C (16 mm 
Hg); NMR (00013) 5 1.02 (t, 3H, >6 Hz, CH3), 1.61 (m, 2H, CHg), 2.45" 
(t, 2H, J=7 Hz, CnCCHg), 3.90 (s, 3H, OCH3), 7.11-8.00 (m, 4H, CgH^); IR 
(neat) 2240 (C=C), 1730 (C=0) cm"^; mass spectrum m/z 202.09861 (calcd 
for C13H14O2, 202.09938). 
2-(l-Pentynyl)thioanisole (53); yield 70%; bp 177-180°C (16 mm Hg); 
NMR (CDCI3) 6 1.05 (t, 3H, Jj=7 Hz, CH3), 1.60 (m, 2H, CHg), 2.38 (s, 
3H, SCH3), 2.41 (t, 2H, _J=7 Hz, CeCCHg), 6.91-7.59 (m, 4H, CgH*); IR 
(neat) 2220 (C=C) cm'^; mass spectrum m/z 190.08173 (calcd for C22H24S, 
190.08163). 
Ji-Acetyl-2-(l-pentynyl)-aniline (60a): yield 37%; mp 63-65°C; ^H 
NMR (CDCI3) 6 0.98 (t, 3H, J.=6 Hz, CH3), 1.63 (m, 2H, CHg), 2.20 (s, 3H, 
NCOCH3), 2.45 (t, 2H, J=7 Hz, C^CCHg), 6.79-8.42 (m, 5H, CgH^, NH); IR 
(GCI4) 3410 (NH), 2220 (C=C), 1700 (C=0), cm"^; mass spectrum m/z 
201.11559 (calcd for C23H15NO, 201.11537). 
Ji,fi-Dimethy1-2-(l-pentynyl)aniline (60b): yield 46%; isolated by 
column chromatography using hexanes-ethyl acetate (20:1), R^ 0.28; ^H NMR 
(CDCI3) 0 1.02 (t, 3H, Jf6 Hz, CH3), 1.60 (m, 2H, CHg), 2.45 (t, 2H, J=6 
Hz, C^CCHg), 2.85 (s, 6H, N(CH3)2), 6.59-7.40 (m, 4H, CgH^); IR (neat) 
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2240 (C^C) cm'l; mass spectrum m/z 186.12796 (calcd for 
186.12827). The reaction also produced 1-methyl-2-propy1indole (61); 
yield 30%; bp 170-174°C (17 mm Hg); NMR (CDClg) 6 0.98 (t, 3H, J=7 Hz, 
CH3), 1.60 (m, 2H, CHg), 2.65 (t, 2H, Jf7 Hz, C^CHg), 3.55 (s, 3H, 
NCH3), 6.20 (s, IH, H-3), 6.79-7.55 (m, 4H, CgH^); mass spectrum m/z 
173.11997 (calcd for C12H15N, 173.12045). 
2-(1-Pentyny1)nitrobenzene; yield 53%; ^H NMR (CDCI3) S 1.01 (t, 
3H, J=7 Hz, CH3), 1.60 (m, 2H, CH2), 2.41 (t, 2H, J=7 Hz, C5CCH2), 7.08-
8.06 (m, 4H, CgH^); IR (neat) 2230 (C C) cm"^. This compound was reduced 
using the procedure of Schofield and Swain (152) for the reduction of 2-
nitrodiphenylacetylene to provide 2-(l-pentynyl)aniline (60c); yield 
38%; bp I70-I73OC (17 mm Hg); NMR (GDCls) 5 1.00 (t, 3H, J=6 Hz, CH3), 
1.59 (m, 2H, CHg), 2.40 (t, 2H, i=6 Hz, C=CCH2), 4.10 (br s, 2H, NH2), 
6.39-7.29 (m, 4H, CgH*); IR (neat) 3490 (NH), 3400 (NH), 2240 (CeC) cm 'l; 
mass spectrum m/z 159.10443 (calcd for Cj^iH]^3N, 159.10480). 
Ë-Acetyl-Ë-methyl-2-(l-pentynyl)ani1ine (60d): yield 29%; isolated 
by column chromatography using hexanes-ethyl acetate (2:1) as the eluent 
(Rf 0.25); NMR (CDCI3) 6 1.01 (t, 3H, J=7 Hz, CH3), 1.60 (m, 2H, CH2), 
1.82 (s, 3H, NCOCH3), 2.42 (t, 2H, 1=7 Hz, C=CCH2), 3.23 (s, 3H, NCH3), 
6.92-7.62 (m, 4H, CgH*); IR (neat) 2220 (C=C), 1655 (C=0) cm"^; mass 
spectrum m/z 215.13056 (calcd for C^^HiyNO, 215.13102). This reaction 
also produced l-acetyl-2-propvlindole (63); yield 32%; mp 68-71°C; 
NMR (CDCI3) 6 0.97 (t, 3H, Jf7 Hz, CH3), 1.65 (m, 2H, CH2), 2.73 (s, 3H, 
NCOCH3), 2.97 (t, 2H, ^=7 Hz, C=CCH2), 6.40 (s, IH, H-3), 6.90-7.90 (m, 
4H, CgH^); IR (film) 1660 (C=0) cm"^; mass spectrum m/z 201.11607 (calcd 
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for C13H15NO, 201.11537). 
Methyl 2-(l-pent.yn.y1)benzy1 ether (67); yield 80%; isolated by 
column chromatography using hexanes-ethyl acetate (10:1) as the eluent 
(Rf 0.41); NMR (CDClg) <S 1.02 (t, 3H, i=7 Hz, CH3), 1.60 (m, 2H, CHg), 
2.42 (t, 2H, J=7 Hz, CECCHg), 3.42 (s, 3H, OCH3), 4.52 (s, 2H, CH2O), 
6.91-7.52 (m, 4H, C5H4); IR (neat) 2240 (C=C) cm"^; mass spectrum m/z 
188.12038 (calcd for C13H15O, 188.12012). 
Methyl 4-methyl-2-(l-pentynyl)phenylacetate (68); yield 50%; 
isolated by column chromatography using hexanes-ethyl acetate (5:1) as 
the eluent (Rf 0.42); ^H NMR (COCI3) 6 1.05 (t, 3H, J=7 Hz, CH3), 1.62 
(m, 2H, CHg), 2.30 (s, 3H, ArCH3), 2.41 (t, 2H, ±=7 Hz, CfCCHg), 3.70 (s, 
3H, OCH3), 3.78 (s, 2H, ArCHg), 7.04-7.41 (m, 3H, CgH3); IR (neat) 2210 
(C=C), 1730 (C=0) cm'l; mass spectrum m/z 230.13020 (calcd for C2^5Hi8®2' 
230.13068). 
Methyl e -(4-methyl-2-(l-pent.ynyl))phenethyl ether (69): yield 63%; 
isolated by column chromatography using hexanes-ethyl acetate (10:1) as 
the eluent (Rf 0.37); ^H NMR (CDCI3) « 1.03 (t, 3H, J=7 Hz, CH3), 1.60 
(m, 2H, CHg), 2.21 (s, 3H, ArCH3), 2.36 (t, 2H, J=7 Hz, C5CCH2), 2.91 (t, 
2H, i=7 Hz, ArCH2), 3-30 (s, 3H, OCH3), 3.55 (t, 2H, j>7 Hz, CHgO), 6.89-
7.25 (m, 3H, CgH3); IR (neat) 2210 (C^C) cm~^; mass spectrum m/z 
216.15131 (calcd for C15H20O, 216.15142). 
l-(3-Cyclohexenyl)-2-(2-anisyl)acetylene (17). In a flame-dried 50 
mL round-bottom flask with a septum inlet was placed 3.0 g (10.3 mmol) of 
l-(2-anisyl)-2,2-dibromoethylene (prepared from 2-anis aldehyde using the 
procedure of Rameriz, Desai and McKelvie (153)) in 25 mL of dry 
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tetrahydrofuran. The solution was cooled to -78'^C and 10.8 mL of 2.2 M 
2-butyllithium (23.76 ramol) was added dropwise. The resulting solution 
was stirred at -78°C for 1 h, then warmed to room temperature and stirred 
for 45 min. The reaction mixture was cooled back down to -78°C, and 2.45 
g (15.2 mol) of 3-bromocyclohexene and 1.0 g (5.25 mmol) of cuprous 
iodide were added. The solution was allowed to warm to room temperature 
and stirred overnight, followed by acidification with 10% hydrochloric 
acid. The reaction mixture was extracted with 2 x 30 mL of ether, and 
the ether extracts were washed with 3 x 30 mL of saturated aimonium 
chloride, dried (MgSO^) and concentrated. The crude residue was purified 
by column chromatography using hexanes-ethyl acetate (20:1) as the eluent 
to yield 1.10 g (5.19 mmol, 50%) of the desired acetylene (Rf 0.25): 
NMR (CDCI3) 6 1.41-2.29 (m, 6H, CgHg), 3.31 (m, IH, C=CCH), 3.80 (s, 3H, 
OCH3), 5.75 (s, 2H, CH=CH), 6.59-7.48 (m, 4H, CgH^); IR (neat) 2220 (C=C) 
cm"l; mass spectrum m/z 212.12036 (calcd for CigH^gO, 212.12012). 
2,2'-Dimethoxyd i phenyl acetylene (18). In a 100 mL round-bottom 
flask, 13.6 g (100 mmol) of 2-anisaldehyde and 1.38 g (21.2 mmol) of 
potassium cyanide were refluxed for 4 h in 25 mL of 50% ethanol. The 
reaction mixture was cooled to room temperature and placed in the 
freezer. The solid was filtered, washed with 50% ethanol, and 
recrystallized from ether to provide 5.74 g (21.1 mmol, 42%) of 2,2'-
dimethoxybenzoin (^): mp 97-99°C (lit. (67) mp 101.5°C); NMR 
(CDCI3) 6 3.70 (s, 6H, OCH3), 4.45 (d, IH, 1=6 Hz, OH), 6.05 (d, IH, _J=6 
Hz, -CHO-), 6.60-7.70 (m, 8H, C5H4). In a 100 mL round-bottom flask 
fitted with a reflux condenser, 5.50 g (20.22 mmol) of the benzoin 
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compound and 10.0 g (40.05 mmol) of copper (II) sulfate pentahydrate were 
refluxed in 12 mL of pyridine with 4 mL of water for approximately 2 h. 
After refluxing, the solution was allowed to cool and poured into 100 ml 
of water. The water was extracted with 3 x 75 mL of ether, and the ether 
extracts were washed with 1 x 25 mL of 10% hydrochloric acid and 2 x 25 
mL of water, dried (MgSO^) and concentrated. The solid residue was 
recrystallized from 80% ethanol to provide 3.48 g (12.89 mmol, 64%) of 
2,2'-dimethoxybenzil (^) : mp 128-1290c (lit. (68) mp 128-1290C); NMR 
(CDCI3) 6 3.6 (s, 3H, OCH3), 6.91-8.29 (m, 4H, The benzil 
derivative was refluxed for 50 h with 2.04 g (34.6 mmol) of 85% hydrazine 
hydrate in 12 mL of jr-propyl alcohol to provide 1.92 g (5.44 mmol, 50%) 
of 2,2'-dimethoxybenzil dihydrazone (^): mp 232-234°C (dec) (lit. (69) 
mp ~230°C (dec)); NMR (CDCI3) 6 3.85 (s, 3H, OCH3), 5.25 (br s, 2H, 
NHg), 6.80-7.51 (m, 4H, C5H4). The dihydrazone was refluxed with 3.43 g 
(15.84 mmol) of yellow mercuric oxide in 10 mL of xylenes for 2 h. The 
hot solution was filtered through Celite and the Celite was washed with 
30 mL of hot benzene. The filtrate was dried (MgSO^) and the solvent was 
removed by vacuum. The crude solid was chromatographed through 10 g of 
silica gel using hexanes-ethyl acetate (4:1) as the eluent to isolate the 
crude acetylene (Rf 0.31). The solid was recrystallized from 85% ethanol 
to yield 0.252 g (1.066 mmol, 17%) of 2,2'-dimethoxydiphenylacetylene 
(^): mp 124-1260C (lit. (69) mp 1260C); NMR (CDCI3) 6 3.90 (s, 3H, 
OCH3), 6.79-7.70 (m, 4H, CgH^). 
l-(2-Anisyl)-2-hexyn-l-one (42). In a flame-dried 100 mL round-
bottom flask under a nitrogen atmosphere was added 2.07 g (30.4 mmol) of 
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1-pentyne in 45 mL of dry tetrahydrofuran. The solution was cooled to 
-78°C, and 12.5 mL of 2.42 M jvbutyllithium (30.3 mmol) was added 
dropwise. The reaction mixture was stirred at -78°C for 10 min and at 
room temperature for 30 min. After cooling to -780c, a solution of 4.07 
g (30.0 mmol) of 2-anisaldehyde in 15 mL of tetrahydrofuran was added 
dropwise. The reaction mixture was stirred at -78°C for 10 min and at 
room temperature for 1 h, acidified with 10% hydrochloric acid and 
extracted with 2 x 50 mL of ether. The organic layers were washed with 2 
X 50 mL of saturated sodium bicarbonate and 2 x 50 mL of water, dried 
(MgSO^) and concentrated to give 4.60 g (22.5 mmol, 75%) of the crude 
alcohol. The crude alcohol was treated with 6 mL of 4 M Jones reagent 
(24 mmol) in 30 mL of acetone at 0°C for 30 min. The reaction mixture 
was poured into 200 mL of water and extracted with 2 x 100 mL of ether. 
The ether extracts were washed with 2 x 50 mL of water, 2 x 50 mL of 
saturated sodium bicarbonate and 2 x 50 mL of brine, dried (MgSO^) and 
concentrated. The crude concentrate was purified by column 
chromatography using hexanes-ethyl acetate (5:1) as the eluent to provide 
4.25 g (21.04 mmol, 70% for two steps) of the desired acetylene ^ (Rf 
0.30); NMR (CDCI3) & 0.98 (t, 3H, J=7 Hz, CH3), 1.60 (m, 2H, CHg), 
2.41 (t, 2H, i=7 Hz, CsCCHg), 3.90 (s, 3H, OCH3), 6.87-8.18 (m, 4H, 
C5H4); IR (neat) 2210 (C=C), 1640 (C=0) cm~^; mass spectrum m/z 202.09888 
(calcd for CigHi^Og, 202.09938). 
l-(2-Anisyl)-3-phenyl-2-propyn-l-one (43). In a 25 mL round-bottom 
flask, 3.04 g (20.0 mmol) of 2-anisic acid and 3.60 g (30.3 mmol) of 
thionyl chloride were refluxed for 30 min. The excess thiqnyl chloride 
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was then removed under vacuum. In a 100 mL round-bottom flask under 
nitrogen was added 2.68 (20.0 mmol) of lithium iodide in 10 mL of dry 
ether to a suspension of 3.3 g (20.1 mmol) of cuprous phenyl acetylide in 
20 mL of dry ether. The acid chloride was added to this suspension via a 
double-ended needle, and the reaction mixture was stirred at room 
temperature for 1 h. To the mixture, 7 mL of hexamethylphosphoramide was 
added and stirring was continued for 20 h. The reaction mixture was 
treated with 10% hydrochloric acid, poured into 100 mL of water and 
extracted with 3 x 75 mL of ether. The ether extracts were washed with 2 
X 50 mL of saturated ammonium chloride, 2 x 50 mL of saturated sodium 
bicarbonate, 1 x 50 mL of 5% sodium hydroxide and 2 x 50 mL of water, 
dried (MgSO^) and concentrated. Purification of the residue by column 
chromatography using hexanes-ethyl acetate (3:1) as the eluent provided 
2.20 g (9.32 mmol, 47%), of the acetylene (Rf 0.30); NMR (CDClg) <5 
3.90 (s, 3H, OCH3), 6.85-8.05 (m, 9H, CgHg); IR (neat) 2200 (C=C), 1530 
(C=0) cm"^; mass spectrum m/z 236.08358 (calcd for C]^6H]^2^2' 236.08373). 
l-(2-An1syl)-2-hexyne (66). To a -78°C solution of 1.70 g (25.0 
mmol) of 1-pentyne in 50 mL of dry tetrahydrofuran was slowly added 11.85 
mL of 2.11 M ji-butyllithium (25.0 nrnol). The mixture was stirred at 
-78°C for 10 win and at room temperature for 1 h. Then, the solution was 
cooled back to -78°C and 4.40 g (21.9 imiol) of 2-methoxybenzyl bromide 
was added dropwise. The reaction mixture was allowed to warm to room 
temperature and stirred for 2 d at room temperature. Ether was added and 
the mixture was then washed with 3 x 50 mL of brine, dried (MgSO^) and 
concentrated. The concentrate was distilled to provide 3.52 g (18.7 
mmol, 85%) of the acetylene bp 156-160°C (16 mm Hg); NMR 
(CDCIj) Ô 1.00 (t, 3H, Jf6 Hz, CH3), 1.52 (m, 2H, CHg), 2.2 (m, 2H, C= 
CCHg), 3.48 (br s, 2H, ArCH2), 3.81 (s, 3H, OCH3), 6.65-7.50 (m, 4H, 
CgH^); IR (neat) 2220 (C=C) cm"^; mass spectrum m/z 188.12030 (calcd for 
C13H16O, 188.12012). 
The following compound was prepared in identical fashion, l-(3-
anisyl)-2-hexyne (77a); yield 38%; isolated by column chromatography 
using hexanes-ethyl acetate (10:1) as the eluent (Rf 0.46); NMR 
(CDCI3) Ô 1.00 (t, 3H, J=7 Hz, CH3), 1.55 (m, 2H, CH2), 2.23 (m, 2H, C= 
CCH2), 3.54 (t, 2H, J.=2 Hz, ArCHg), 3.80 (s, 3H, OCH3), 6.63-7.40 (m, 4H, 
CgH*); IR (neat) 2220 (ChC) crn-l. 
2-Butynyl phenyl ether (74). In a flame-dried 100 mL round-bottom 
flask was placed 0.240 g (10.0 mmol) of sodium hydride (hexanes washed 
and vacuum dried) in 20 mL of dry tetrahydrofuran. To the suspension, 
0.940 g (10.0 mmoles) of phenol was added under a nitrogen sweep, and the 
resulting mixture was stirred for 30 min. Then, 1.80 g (10 mmol) of 1-
iodo-2-butyne was added dropwise, and the reaction mixture was stirred 
overnight at room temperature, acidified with 10% hydrochloric acid and 
extracted with 3 x 25 mL of ether. The ether extracts were washed with 
40 mL of brine, 40 mL of 10% sodium hydroxide, 40 mL of saturated sodium 
bicarbonate, and 60 mL of brine, dried (MgSO^) and concentrated. 
Purification of the residue by column chromatography yielded 1.44 g (9.86 
mmol, 100%) of the desired ether M (hexanes-ethyl acetate (15:1), 
0.36): ^H NMR (CDCI3) ô 1.82 (t, 3H, 0=2 Hz, CH3), 4.60 (q, 2H, J=2 Hz, 
CH2), 6.75-7.47 (m, 5H, CgHg); IR (neat) 2210 (C^C) cm"^; mass spectrum 
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m/z 146.07332 (calcd for C^oHiqÛ, 146.07317). 
l-(3-Am's.yl)-3-heptyne (77b). The acetylene was prepared using the 
procedure of Suzuki and co-workers for the preparation of acetylenes from 
trialkylboranes (116). In a dry 100 mL round-bottom flask under nitrogen 
was placed 4 mL of 1 M borane-tetrahydrofuran (4 mmol) in 5 ml of dry 
tetrahydrofuran. The solution was cooled to 0°C and 1.60 g (11.94 mmol) 
of 3-methoxystyrene (154), prepared from 3-methoxybenzyltriphenyl-
phosphonium bromide and aqueous formaldehyde (155), in 5 mL of dry 
tetrahydrofuran was added dropwise. The reaction mixture was stirred at 
0°C for 1 h and at room temperature for 1 h. Then, the solution was 
cooled back down to 0°C and 5 mmol of preformed 1-lithio-l-pentyne was 
added by a double-ended needle. The reaction mixture was warmed to room 
temperature and stirred for 2 h. Then, the solution was cooled to -78°C 
and 1.27 g (5.0 mmol) of iodine in 25 mL of dry tetrahydrofuran (or 
ether) was slowly added. The mixture was stirred at -78°C for 30 min and 
at room temperature for 1 h. The crude reaction mixture was washed with 
2 X 20 mL of 3 N sodium hydroxide (containing 1-2 ml of saturated sodium 
thiosulfate) and the aqueous washes were combined and re-extracted with 
25 mL of ether. The etheral" layers were combined and treated with 12 mL 
of 3 N sodium hydroxide followed by 4 mL of 30% hydrogen peroxide. The 
resulting aqueous layer was saturated with potassium carbonate and 
removed. The organic phase was washed with 20 mL of saturated sodium 
bicarbonate and 30 mL of brine, dried (MgSO^) and concentrated. The 
desired product was isolated by first distilling off the volatile 
components (l-iodo-l-pentyne) followed by column chromatography using 
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hexanes-ethyl acetate (15:1) as the eluent (R^ 0.40): yield 0.580 g 
(2.87 mmol, 11% based on BH3); NMR (CDClj) 6 0.95 (t, 3H, _J=6 Hz, 
CH3), 1.48 (m, 2H, CH2), 2.00-2.46 (m, 4H, CH2C5CCH2), 2.65 (t, 2H, i=7 
Hz ArCHg), 3.78 (s, 3H, OCH3), 5.61-6.89 (m, 3H, H-2, H-4, H6), 7.12 (d, 
IH, _J=8 Hz, H-5); IR (neat) 2210 (C=C) cm"^; mass spectrum m/z 202.13551 
(calcd for Ci^HigO, 202.13577). 
The acetylenes ITz and 80 were prepared in the same manner starting 
with 3-allylanisole (156) and styrene, respectively. 
1-(3-Anisy 1)-4-octyne (77c): yield 86% based on BH3; isolated by 
column chromatography using hexanes-ethyl acetate (15:1), 0.42; NMR 
(CDCI3) 6 1.01 (t, 3H, i=7 Hz, CH3), 1.15-1.90 (m, 4H, CHg), 1.99-2.32 
(m, 4H, C5CCH2), 2.68 (t, 2H, Jj=7 Hz, ArCH2), 3.77 (s, 3H, OCH3), 6.55-
7.01 (m, 3H, H-2, H-4, H-6), 7.50 (d, IH, J=8 Hz, H-5); IR (neat) 2215 
(C=C) cm-1. 
1-Phenyl-3-heptyne (80): yield 100% based on BH3; isolated by 
column chromatography using hexanes-ethyl acetate (20:1), Rf 0.45; ^H NMR 
(00013) 6 0.95 (t, 3H, J=7 Hz, CH3), 1.50 (m, 2H, CHg), 1.97-2.44 (m, 4H, 
CECCH2), 2.79 (t, 2H, jJ=6 Hz, ArCH2), 7.26 (m, 5H, C5H5); IR (neat) 2200 
(C5C) cm-1. 
1 -(2-An 1 sy 1 )-1 -hex.yn-3-one (99). To a -78°C solution of 3.0 g 
(10.27 mmol) of 1-(2-anisy 1)-2,2-dibromoethy1ene in 25 ml of dry 
tetrahydrofuran was added 11.0 ml of 1.9 M ji-butyllithium (20.9 mmol). 
The solution was stirred at -78°C for 30 min and at room temperature for 
1 h. Then, the solution was cooled back down to -78°C and 0.80 g (13.77 
mmol) of freshly distilled propionaldehyde was added. The reaction 
73 
mixture was allowed to slowly warm to room temperature and stirred 
overnight at room temperature, followed by acidification with 10% 
hydrochloric acid and extraction with 2 x 30 mL of ether. The ether 
extracts were washed with saturated ammonium chloride, dried (MgSO^) and 
concentrated to provide crude 1-(2-anisy1)-3-hydroxy-1-hexyne in 64% 
yield: NMR (CDCI3) 5 1.05 (t, 3H, Jj=7 Hz, CH3), 1.80 (m, 2H, CH2), 
2.75 (br s, IH, OH), 3.88 (s 3H, OCH3), 4.56 (t, IH, Jf7 Hz, CHOH), 6.75-
7.59 (m, 4H, CgH^). The alcohol was oxidized with Jones reagent in 
acetone to provide 0.936 g (4.98 mmol, 49% for the two steps) of the 
acetyl enic ketone ^ after purification by column chromatography 
(hexanes-ethyl acetate (5:1), 0.28); NMR (CDClg) 6 1.21 (t, 3H, _J=7 
Hz, CH3), 2.66 (q, 2H, Jj=7 Hz, CHg), 3.88 (s, 3H, OCH3), 6.75-7.89 (m, 
4H, C5H4); IR (neat) 2200 (C^C), 1670 (C=0) cm"^; mass spectrum m/z 
188.08364 (calcd for C12H12O2, 188.08373). 
l-(2-jL-Butyldimethylsilyloxyphenyl)-l-propvne (100). This compound 
was prepared by alkylation of the corresponding qem-dibromoolefin with 
dimethyl sulfate using the procedure described above: yield 68%; 
isolated by column chromatography using hexanes + 2% ethyl acetate as the 
eluent (R^ 0.32); ^H NMR (CDCI3) 6 0.25 (s, 6H, SiCH3), 1.02 (s, 9H, _t-
C4HgSi), 2.01 (s, 3H, CH3), 6.59-7.45 (m, 4H, C5H4); IR (neat) 2240 (C=C) 
cm"^; mass spectrum m/z 246.14373 (calcd for Cj^5H220Si, 246.14400). 
Preparation of organomercurials. Most of the acetylene mercuration 
reactions were performed under the same conditions. The following 
preparation of 3-chloromercuri-2-prop.ylbenzofuran (2) is 
representative. To a suspension of 0.637 g (2.0 mmol) of mercuric 
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acetate in 6 mL of glacial acetic acid at room temperature was added 
0.350 9 (2.0 mmol) of 2-(l-pentynyl)anisole (1). The resulting solution 
was stirred at room temperature for 30 min, then poured into a saturated 
sodium chloride-ice mixture and allowed to warm to room temperature. The 
solid was collected by filtration, washed with hexanes and dissolved in 
hot chloroform. The chloroform solution was filtered through Celite, and 
the crude mercury compound was isolated by evaporation of the 
chloroform. The solid was recrystallized from 90% ethanol to yield 0.551 
g (1.4 mmol, 70%) of 3-chloromercuri-2-propylbenzofuran (2): mp 119-
120OC; NMR (CDCI3) 6 1.01 (t, 3H, J=7 Hz, CH3), 1.73 (m, 2H, CH2), 
2.84 (t, 2H, J=7 Hz, OCCHg), 7.09-7.70 (m, 4H, CgH^), IR (CHCI3), 3030 
(C=CH), 1580 (C=C) cm-1. Anal. Calcd for CuHiiClHgO: C, 33.43; H, 
2.81; Hg, 50.75. Found; C, 33.47; H, 2.92; Hg, 50.93. The following 
mercurials were prepared in an identical fashion. 
3-Chloromercuri-5-methoxy-2-propylbenzofuran (19); yield 60%; mp 
147-1480C; ^H NMR (CDCI3) 6 0.98 (t, 3H, i=7 Hz, CH3), 1.73 (m, 2H, CHg), 
2.75 (t, 2H, J=7 Hz, OCCH2), 3.85 (s, 3H, OCH3), 6.80-7.20 (m, 3H, 
CgHg); IR (nujol) 3010 (C=CH), 1600 (C=C) cm"^. Anal. Calcd for 
Ci2Hi3ClHg02: C, 33.89; H, 3.08; Hg, 47.17. Found: C, 33.63; H, 3.04; 
Hg, 47.31. 
3-Chloromercuri-5-nitro-2-propylbenzofuran (20); yield 45%; mp 116-
118°C; ^H NMR (CDCI3) 6 1.00 (t, 3H, J=7 Hz, CH3), 1.72 (m, 2H, CH2), 
2.81 (t, 2H, J=7 Hz, C=CH2), 7.40 (d, IH, J=10 Hz, H-7), 8.11 (dd, IH, 
J_=10 Hz, i=3 Hz, H-6), 8.49 (d, IH, 0^3 Hz, H-4); IR (nujol) 3080 (C=CH), 
1570 (C=C), 1510 (NO2) cm-1. Anal. Calcd for CiiH^oClHgNOg: C, 30.01; 
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H, 2.29; Hg, 45.56. Found: C, 30.22; H, 3.08; Hg, 45.32. 
3-Ch1oromercuri-2-pheny1benzofuran (21); yield 59%; mp 205°C (dec); 
NMR (CDCI3) 5 6.89-7.80 (m, Ar); IR (nujol) 3060 (C=CH), 3030 (C=CH), 
1580 (C=C), cm-1; Anal. Calcd for Ci^HgClHgO: C, 39.17; H, 2.12; Hg, 
46.73. Found: C, 39.26; H, 2.35; Hg, 46.94. 
3-Chloromercur 1 -2-(3-c.yclohexeny 1 )benzofuran (22) : yield 30%; mp 
123-125°C; ^H NMR (COCI3) <S 1.40-2.32 (m, 6H, 3.75 (m, IH, C=CCH), 
6.08 (m, 2H, HC=CH), 7.00-7.55 (m, 4H, CgH^); IR (nujol) 3060 (C=CH), 
1600 (C=C), 1580 (C=C) cm-1; Anal. Calcd for Gi^Hi^ClHgO: C, 38.81; H, 
3.02; Hg, 46.29. Found: C, 38.53; H, 3.12; Hg, 46.37. 
2-(2-Anisyl)-3-chloromercurIbenzofuran (26); yield 58%; mp 205°C; 
NMR (CDClj) 6 4.01 (s, 3H, OCH3), 6.89-8.02 (m, 8H, CgH*); IR (nujol) 
3010 (C=CH), 1600 (C=C), 1580 (C=C) cm'l; Anal. Calcd for GigH^ClHgOg: 
C, 39.21; H, 2.41; Hg, 43.69. Found: C, 39.39; H, 2.52; Hg, 43.84. 
4-Chloromercur i-3-propy1i socoumari n (44): yield 65%; mp 195-197°C; 
^H NMR (CDCI3) ô 0.98 (t, 3H, 1=7 Hz, CH3), 1.69 (m, 2H, CHg), 2.65 (t, 
2H, Jf7 Hz, OCCHg), 7.10-8.19 (m, 4H, CgH*); IR (nujol) 3020 (C=CH), 
1720 (C=0), 1610 (C=C) cm-1; Anal. Calcd for Ci2HiiClHg02: C, 34.05; H, 
2.62; Hg, 47.39. Found: C, 34.17; H, 2.75; Hg, 47.63. 
3-Chloromercuri-2-propylchromone (45): yield 60%; mp 136-138°C; ^H 
NMR (CDC13) 5 1.02 (t, 3H, J.=7 Hz, CH3), 1.89 (m, 2H, CHg), 2.70 (t, 2H, 
Jf7 Hz, OCCHg), 7.02-8.21 (m, 4H, C6H4); IR (nujol) 3060 (C=CH), 1615 
(C=0), 1600 (C=C), 1585 (C=C) cm'l; Anal. Calcd for Ci2HuClHg02: C, 
34.05; H, 2.62; Hg, 47.39. Found: C, 33.84; H, 2.76; Hg, 47.16. 
3-Chloromercuriflavone (46): yield 58%; mp 254-255°C; NMR 
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(CDCI3) 8 7.19-8.25 (m, 9H, Ar); IR (nujol) 3070 (C=CH), 1615 (C=0, C=C), 
1555 (C=C) cm-1; Anal. Calcd for Ci5HgClHg02: C, 39.38; H, 1.98; Hg, 
43.88. Found: C, 39.43; H, 2.10; Hg, 43.90. 
3-Chloromercuri-2-propylbenzothiophene (54); yield 66%; mp 134-
I35OC; NMR (CDCI3) 6 0.99 (t, 3H, >6 Hz, CH3), 1.69 (m, 2H, CH2), 
2.90 (t, 2H, 1=7 Hz, OCCH2), 7.18-7.93 (m, 4H, CgH*); IR (nujol) 3015 
(C=CH), 1600 (C=C) cm-1; Anal. Calcd for CnHuClHgS: C, 32.12; H, 2.70; 
Hg, 48.77. Found: C, 32.06; H, 2.75; Hg, 48.88. 
The following mercurials were prepared in the same manner except 
that the reaction time was 20 h instead of 30 min. 
Mercurial 70: yield 39%; mp 201-203OC; ^H NMR (CDCI3) 6 1.04 (t, 
3H, i=7 Hz, CH3), 1.65 (m, 2H, CH2), 2.67 (t, 2H, J=7 Hz, C=CCH2), 5.16 
(s, 2H, CHgO), 6.82-7.70 (m, 4H, C6H4); IR (nujol) 3060 (C=CH), 1600 
(C=C), 1550, 1500 cm"^; Anal. Calcd for C22Hi3ClHgO: C, 35.22; H, 3.20; 
Hg, 49.01. Found: C, 34.98; H, 3.02; Hg, 49.27. 
Vinylmercurial 73: yield 44%; mp 104-105°C; ^H NMR (CDCI3) 6 0.95 
(t, 3H, 1=6 Hz, CH3), 1.52 (m, 2H, CHg), 2.05 (s, 3H, COCH3), 2.23 (s, 
3H, ArCH3), 2-27 (t, 2H, J=7 Hz, C=CCH2), 2.86 (t, 2H, 3=7 Hz, ArCH2), 
3.25 (s, 3H, OCH3), 3.55 (t, 2H, ±=7 Hz, CH2O), 6.93-7.21 (m, 3H, CgHs); 
IR (nujol) 3020 (C=CH), 1740 (0=0), 1650 (C=C) cm"^; Anal. Calcd for 
Ci7H23ClHg03: C, 39.93; H, 4.53; Hg, 39.22. Found: C, 40.01; H, 4.64; 
Hg, 39.46. 
Vinylmercurial 101: yield 12%; mp 126-128°C; ^H NMR (CDCI3) ô 1.14 
(t, 3H, i=7 Hz, CH3), 2.19 (s, 3H, COCH3), 2.76 (q, 2H, J=7 Hz, CHg), 
3.90 (s, 3H, OCH3), 6.79-7.61 (m, 4H, CgH*); IR (film) 3060 (C=CH), 1740 
(C=0), 1665 (C=0), 1600 (C=C) cm"^. Anal. Calcd for C^^Hj^gHgClO^: C, 
34.79; H, 3.13; Hg, 41.50. Found: C, 34.28; H, 3.20; Hg, 41.12. 
Vinylmercurials 102 and 103 (48 h reaction time): yield 66%; 
isolated by column chromatography using hexanes-ethyl acetate (5:1) as 
the eluent (both mercurials are thick oils). For 3^: NMR (CDClg) 6 
0.24 (s, 6H, SiCHg), 1.03 (s, 9H, t-C^HgSi), 2.02 (s, 3H, Ji99Hg_CHj=^^4 
Hz, CH3), 2.15 (s, 3H, COCH3), 6.69-7.48 (m, 4H, C5H4); For 103: NMR 
(CDCI3) 6 0.24 (s, 6H, SiCHg), 1.03 (s, 9H, t-C^HgSi), 1.91 (s, 3H, 
COCH3), 2.24 (s, 3H, CH3), 6.69-7.48 (m, 4H, CgH^); IR (film) 3060, 2030 
(C=CH), 1745 (C=0), 1600 (C=C) cm'l; Anal. Calcd for Ci;H25ClHg03Si: C, 
37.71; H, 4.65; Hg, 37.04. Found: C, 37.97; H, 4.74; Hg, 36.59. 
3-Chloromercuri-4-methyl-2H-l-benzopyran (76). In a 25 mL round-
bottom flask were placed 1.28 g (3.0 mol) of mercuric trifluoroacetate 
and 0.360 g (9.0 mmol) of magnesium oxide in 6 mL of tetrahydrofuran. To 
the mixture was added 0.440 g (3.0 mmol) of 2-butynyl phenyl ether (M) 
in 3 mL of tetrahydrofuran. The reaction mixture was stirred at room 
temperature for 1 h, filtered through Celite, washed with 2 x 40 mL of 
brine, dried (MgSO^) and concentrated. The concentrate was triturated 
with ether to give a yellowish solid which was recrystallized from 
dichloromethane-hexanes at -78°C to give 0.454 g (1.19 mmol, 40%) of 
mercurial mp 220^0 (dec); ^H NMR (DMSO-dg) 5 2.21 (br s, 3H, CH3), 
4.84 (br s, 2H, CH2), 6.60-7.26 (m, 4H, CgH*); IR (nujol) 3070 (C=CH), 
3040, 1600 (C=C) cm-1; Anal. Calcd for CioHgClHgO: C, 31.49; H, 2.36; 
Hg, 52.64. Found: C, 31.63; H, 2.50; Hg, 52.49. 
3-Chlorome.rcuri-7-methoxy-4-propyl-1.2-dihydronaphthalene (79). In 
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a 25 mL round-bottom flask were placed 0.430 g (1.0 mmol) of mercuric 
trifluoroacetate and 0.120 (3.0 mmol) of magnesium oxide in 2 mL of 
tetrahydrofuran. To this mixture, 0.20 g (1.0 mmol) of l-(3-anisyl)-3-
heptyne (^) in 1 mL of tetrahydrofuran was added. The resulting 
mixture was stirred at room temperature for 10 h, filtered through 
Celite, washed with 2 x 40 mL of brine, dried (MgSO^) and concentrated. 
The concentrate wâs purified by column chromatography using hexanes-ethyl 
acetate (10:1) as the eluent to provide 0.126 g (0.62 mmol, 62%) of the 
starting acetylene and 0.130 g (0.30 mmol, 30%) of mercurial 79 (R^ 
0.20); mp 126-1280C; NMR (COCI3) 6 0.95 (t, 3H, Jj=6 Hz, CH3), 1.60 
(m, 2H, CH2), 2.29-2.92 (m, 6H, CH2), 3.80 (s, 3H, OCH3), 6.61-6.82 (m, 
2H, H-6, H-8), 7.15 (d, IH, jJ=8 Hz, H-5); IR (nujol) 3030 (C=CH), 3000, 
1605 (C=C), 1590 (C=C) cm"^; Anal. Calcd for Ci^H^yClNgO: C, 38.45; H, 
3.92; Hg, 45.87. Found: C, 38.36; H, 4.00; Hg, 45.74. 
3-Ch1oromercuri-1-methy1-2-propylindo1e (64). This reaction was 
performed using the procedure of Yudin, Kost and Pavlyuchenko (157) for 
the mercuration of substituted indoles. In a 250 mL round-bottom flask 
were placed 1.18 g (4.35 mol) of mercuric chloride and 2.36 g (17.35 
imol) of sodium acetate in 130 mL of methanol. Then, 0.750 g (4.34 mmol) 
of 1-methy1-2-propy1indole in 20 mL of methanol was added, and the 
mixture was stirred for 5 h at room temperature. The solid was removed 
by filtration and the filtrate was poured into water, and the resulting 
precipitate was removed by filtration. The solids were combined, washed 
with water and ether and dried at 3 mm Hg for 1.5 h to yield 1.42 g (3.48 
mmol, 80%) of the mercurated indole: mp 143-145°C; ^H NMR (CDCI3) 6 1.02 
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(t, 3H, i=7 Hz, CH3), 1.51 (m, 2H, CHg), 2.68 (t, 2H, J=7 Hz, OCCHg), 
3.56 (s, 3H, NCH3), 6.79-7.52 (tn, 4H, CgH*); IR (nujol) 3040 (C=CH), 1600 
(C=C) cm-1; Anal. Calcd for Ci2Hi4ClHgN: C, 35.30; H, 3.46; Hg, 49.13. 
Found: C, 35.43; H, 3.53; Hg, 49.35. 
Reactions of orqanomercurials; 2-Propy1benzofuran (83). This 
compound was prepared from mercurial^ using the conditions of Brown and 
Hanwar (117) for the reduction of organomercurials. In a 25 mL round-
bottom flask was placed 0.199 g (0.50 mmol) of^ in 4 mL of a 1:1 
tetrahydrofuran-water mixture. To this solution, 2 mL of 3 M sodium 
hydroxide and 4 mL of 0.5 M sodium borohydride in 3 M sodium hydroxide 
were added, and the resulting mixture was stirred for 1 h. Sodium 
chloride was added to saturate the water layer, and the mixture was 
filtered through Celite, extracted with 2 x 25 mL of ether, dried (MgSO^) 
and concentrated. Bulb to bulb distillation of the concentrate at 125-
130°C (16 mm Hg) provided 72 mg (0.45 mmol, 90%) of 2-propylbenzofuran 
(lit. (158) bp 107-110OC (12.5 mm Hg)): NMR (CDCI3) 5 0.98 (t, 3H, 
±=7 Hz, CH3), 1.70 (m, 2H, CHg), 2.81 (t, 2H, J=7 Hz, OCCHg), 6.28 (s, 
IH, H-3), 7.01-7.60 (m, 4H, CgH*); IR (neat) 3010, 1600 (C=C), 1550 (C=C) 
cm"l; mass spectrum m/z 160.08888 (calcd for C21H12O, 160.08882). 
The following compounds were prepared in an identical manner in 
order to determine the structure of the eyelized compound. Only the 
pertinent spectral data will be listed here. 
3-Propy1isocoumarin: ^H NMR (CDCI3) 0 1.01 (t, 3H, j]=7 Hz, CH3), 
1.69 (m, 2H, CHg), 2.67 (t, 2H, J=7 Hz, OCCHg), 6.21 (s, IH, H-4), 7.11-
8.20 (m, 4H, CgH*); IR (neat) 1725 (C=0), 1655 (C=C), 1610 (C=C) cm'^ 
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GC/MS m/z (relative intensity) 188 (48, M+), 159 (15), 131 (59), 118 
(100), 89 (100). 
4-Methvl-2H-l-ben2op.yran; NMR (CDClj) 6 2.35 (br s, 3H, CH3), 
4.53 (d, 2H, Jj=6 Hz, CHg), 5.96 (t, IH, Jj=6 Hz, H-3), 6.75-7.50 (m, 4H, 
CgH^) (decoupling: irradiation at 0 4.63 causes 6 5.96 to collapse to a 
br s; irradiation at 6 5.96 causes 0 4.63 to collapse to a br s, but 
2.35 remains the same; irradiation at 6 2.35 causes both & 4.63 and 6 
5.96 to sharpen, but their respective multiplicity remains the same); IR 
(neat) 1600 (C=C) cm"^; GC/MS m/z (relative intensity) 146 (70, M*), 145 
(77), 131 (100). 
7-Methoxy-4-propyl-1.2-dihydronaphthalene (84): NMR (CDCI3)6 
0.97 (t, 3H, J=6 Hz, CH3), 1.62 (m, 2H, CHg), 2.29-2.94 (m, 6H. CHg), 
3.79 (s, 3H, OCH3), 5.67 (br s, IH, H-3), 6.56-6.83 (m, 2H, H-6, H-8), 
7.16 (d, IH, ^=8.5 Hz); IR (neat) 1605 (C=C) cm"^; GC/MS m/z (relative 
intensity) 202 (50, M+), 187 (5), 174 (54), 159 (100), 144 (31). 
3-Iodo-2-propylbenzofuran (86). The iodination of^ was performed 
using the procedure of Whitmore and Hanson (159) for the iodination of 2-
chloromercuriphenol. In a 25 mL round-bottom flask was stirred 0.395 g 
(1.0 nmol) of J^in 5 mL of chloroform. Then, 0.254 g (1.0 mmol) of 
iodine in 5 mL of chloroform was added and the resulting mixture was 
stirred for 3 h, filtered through Celite, washed with aqueous sodium 
iodide (5 g/40 mL of water) and dried (Na2S04). Removal of the 
chloroform yielded a yellowish oil which was purified by column 
chromatography using hexanes as the eluent to furnish 0.215 g (0.75 mmol, 
75%) of the iodo compound (R^ 0.45): NMR {CDCI3) S 1.02 (t, 3H, _J=7 
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Hz, CH3), 1.80 (m, 2H, CHg), 2.89 (t, 2H, Jj=7 Hz, OCCHg), 7.20-7.62 (m, 
4H, CgHg); IR (neat) 3070 (C=CH), 1590 (C=C) cm"^; mass spectrus m/z 
285.98514 (calcd for C^iHiiIO, 285.98547). 
The following iodo compound was prepared using an identical 
procedure, 3-iodo-2-prop.ylchromone (87); yield 93%; isolated by column 
chromatography (hexanes-ethyl acetate (2:1), Rf 0.50); NMR (COCI3) 6 
0.99 (t, 3H, ±=7 Hz, CH3), 1.89 (m, 2H, CH2), 2.78 (t, 2H, J=7 Hz, 
C=CCH2), 7.03-8.20 (m, 4H, CgH*); IR (neat) 1615 (C=0), 1600 (C=C) cm"!; 
mass spectrum m/z 313.98051 (calcd for 012*^11 ^ *^2» 313.98038). 
3-Acetyl-2-propylbenzofuran (88). The acylation of^was 
accomplished using the experimental procedure described by Larock and 
Bernhardt (119) for the acylation of alkenylmercurials. To a mixture of 
0.135 g (1.0 mol) of anhydrous aluminum trichloride and 0.080 g (1.0 
imol) of acetyl chloride in 10 mL of dry dichloromethane was added 0.395 
g (1.0 tnmol) ofThe resulting mixture was stirred at room temperature 
for 15 min, poured into 30 mL of water and extracted with 
dichloromethane. The combined dichloromethane extracts were washed with 
20 mL of 5% sodium bicarbonate, 20 mL of 3 M sodium thiosulfate and 30 mL 
of water. All the aqueous layers were combined and re-extracted with 2 x 
30 mL of dichloromethane. The combined organic extracts were dried 
(Na^SO^) and concentrated. Bulb to bulb distillation produced 0.152 g 
(0.75 mmol, 75%) of the title compound: bp 123-127°C (0.05 mm Hg); ^H 
NMR (CDCI3) 6 1.00 (t, 3H, J=7 Hz, CH3), 1.69 (m, 2H, CH2), 2.61 (s, 3H, 
COCH3), 3.08 (t, 2H, Jf7 Hz, OCCH2), 7.08-8.03 (m, 4H, CgH^); IR (neat) 
1675 (C=0), 1560 (C=C) cm"^; mass spectrum m/z 202.09933 (calcd for 
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C13H14O2, 202.09938). 2,4-DNP derivate: mp 165-167°C; mass spectrum m/z 
382.12627 (calcd for C19H18N4O5, 382.12773). 
Ester 89. This compound was prepared using the procedure of Heck 
(120). In a 25 mL round-bottom flask was stirred 0.395 g (1.0 mmol) of^ 
and 0.354 g (4.1 mmol) of methyl aerylate in 7 mL of dry acetonitrile. 
After stirring for a short time, a solution of lithium 
tetrachloropalladite (1 mmol) in 7 mL of dry acetonitrile was added, and 
the reaction mixture was stirred at room temperature for 24 h. Then, 
ether and activated carbon were added, and the mixture was filtered 
through Celite. The filtrate was washed with 2 x 25 mL of saturated 
ammonium chloride, dried (MgSO^) and concentrated. Bulb to bulb 
distillation at 200-205°C (0.025 mm Hg) provided 0.159 g (0.65 mmol, 65%) 
of the desired unsaturated ester NMR (CDCI3) 6 0.98 (t, 3H, ^7 
Hz, CH3), 1.79 (m, 2H, CH2), 2.92 (t, 2H, 1=7 Hz, OCCH2), 3.90 (s, 3H, 
OCH3), 6.51 (d, IH, 1=17 Hz, C=CH), 7.09-7.62 (m, 4H, C6H4), 7.85 (d, IH, 
J=17 Hz, HC=C); IR (neat) 1720 (C=0), 1635 (C=C), 1580 (C=C) cm'l; mass 
spectrum m/z 244.10974 (calcd for C25Hj^g03, 244.10995). 
3-Carbomethoxy-2-propylbenzofuran (90). The preparation of this 
compound was accomplished using the procedure of Larock (121) for the 
carbonylation of organomercurials. In a 50 mL round-bottom flask were 
stirred 0.045 g (1.1 mmol) of anhydrous lithium chloride, 0.088 g (0.50 
mmol) of palladium chloride and 0.040 g (1.0 mmol) of magnesium oxide in 
6 mL of dry methyl alcohol. After stirring for a short time, the 
contents of the flask were cooled to -78°C. While the system was being 
flushed with carbon monoxide at -78°C, 0.198 g (0.50 mmol) of 2 was 
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added. A balloon filled with carbon monoxide was connected to the top of 
the flask, and the reaction mixture was allowed to slowly warm to room 
temperature and then stirred at room temperature overnight. Activated 
carbon was added and the reaction mixture was diluted with ether, 
filtered through Celite, washed with saturated aomonium chloride, dried 
(MgSO^) and concentrated. The concentrate was purified by column 
chromatography using hexanes-ethyl acetate (10:1) as the eluent to 
provide 0.097 g (0.445 mmol, 89%) of 3-carbomethoxy-2-propylbenzofuran 
(90) (Rf 0.33): NMR (CDCI3) 6 1.02 (t, 3H, i=7 Hz, CH3), 1.71 (m, 2H, 
CHg), 3.02 (t, 2H, J.=7 Hz, C^CCHg), 3.89 (s, 3H, OCH3), 7.02-7.91 (m, 4H, 
C5H4); IR (neat) 1715 (C=0), 1560 (C=C) cm"^; mass spectrum m/z 218.09411 
(calcd for C13H14O3, 218.09430). 
The following esters were prepared in an identical fashion. 
Z-(2-Anisy1)-3-carbomethoxybenzofuran: yield 100%; isolated by 
column chromatography using hexanes-ethyl acetate (4:1) as the eluent (R^ 
0.30); NMR (CDCI3) 6 3.75 (s, 3H, OCH3), 3.80 (s 3H, OCH3), 6.91-7.75 
(m, 7H, Ar), 7.95-8.20 (m, IH, H-4); IR (neat) 1715 (C=0), 1600 (C=C) 
cm"l; mass spectrum m/z 282.08838 (calcd for 282.08921). 
Vinyl ester 104 (three-day reaction time): yield 70%; isolated by 
column chromatography using hexanes-ethyl acetate (5:1) as the eluent (R^ 
0.40); NMR (CDCI3) 6 0.18 (s, 6H, SiCHj), 0.98 (s, 9H, i-C^HgSi), 1.94 
(s, 3H, CH3), 2.14 (s, 3H, COCH3), 3.49 (s, 3H, OCH3), 6.67-7.30 (m, 4H, 
CgHg); IR (neat) 1745 (C=0), 1720 (C=0), 1600 (C=C) cm~^; mass spectrum 
(M+'l-C^Hg) m/z 307.10118 (calcd for CigHigOgSi, 307.10018). 
6H-Benzofuro(3.2-c)(1)-benzopyran-6-one(coumestan) (91). The 
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cyclization of 2-{2-anisyl)-3-carbomethoxybenzofuran was performed under 
the conditions of Ho and 01 ah (160) for the demethylation of esters and 
ethers. In a 25 mL round-bottom flask, 0.130 g (0.87 mol) of 
phenyltrimethyisilane, 0.08 g (0.28 imiol) of the ester, and 0.216 g (0.85 
mmol) of iodine were heated at 110°C for a period of 3 h. Then, the 
reaction mixture was quenched by the addition of water and extracted with 
2 X 50 mL of ether. The ether extracts were washed with 2 x 20 mL of 
glacial acetic acid, 2 x 20 mL of saturated sodium bicarbonate and 1 x 50 
mL of brine, dried (MgSO^) and concentrated. The residue was purified by 
column chromatography using hexanes-ethyl acetate (4:1) as the eluent to 
give 0.059 g (0.25 mmol, 90%) of compound ^ (R^ 0.35): mp 179-181°C 
(lit. (161) mp 181-182°C); NMR (CDCI3) 6 7.09-7.88 (m, 7H, Ar), 7.95-
8.15 (m, IH, H-7); IR (film) 1735 (C=0), 1625 (C=C), 1600 (C=C) cm'l. 
NMR and IR spectral data are identical with that reported in the 
literature (161). 
4-Ace to xy-3-methy1CO umar i n (105). In a 100 mL round-bottom flask 
was placed 0.325 g (0.89 mmol) of ester 104 in 6 mL of a mixture of 48% 
hydrofluoric acid:glacial acetic acid:tetrahydrofuran:water (1:3:1:1). 
The contents were heated at 55°C for 20 h, diluted with water and stirred 
with potassium carbonate for 1 h at room temperature. The reaction 
mixture was acidified with 10% hydrochloric acid, filtered through 
Celite, and the filtrate was extracted with 2 x 40 mL of ether. The 
ether extracts were washed with 20 mL of brine, 30 mL of dilute potassium 
hydroxide, 20 mL of saturated ammonium chloride and 40 mL of water, dried 
(MgSO^) and concentrated. Isolation of the desired compound by column 
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chromatography (hexanes-ethyl acetate (2:1)) provided 0.138 g (0.633 
mmol, 71%) of the coumarin mp 149-151°C (lit. (162) mp 154°C); 
NMR (CDCI3) 6 2.01 (s, 3H, CH3), 2.41 (s, 3H, COCH3), 7.03-7.46 (m, 4H, 
CgH^); IR (nujol) 1750 (C=0), 1700 (C=0), 1640 (C=C), 1600 (C=C) cm'l; 
mass spectrum m/z 218.05820 (Calcd for Ca^HigO^, 218.05791). When the 
reaction was performed on a 7 mmol scale, compound ^ was isolated in 
36% yield, and, upon acidification of the potassium hydroxide wash, the 
hydroxy compound ^ was also obtained in a 28% yield; mp 226-2270c 
(lit. (163) mp 226°C). The hydroxy compound can be acylated to provide 
105. 
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PREPARATION OF HETEROCYCLES BY INTRAMOLECULAR 
NUCLEOPHILIC ATTACK ON A u-ALLYLPALLADIUM COMPOUND 
Introduction 
There have been many examples of nucleophilic attack on ir-
allylpalladium complexes reported in the literature. The majority of 
these reactions involve the use of carbon nucleophiles to form new 
carbon-carbon bonds. Trost (164) and Tsuji (165) have found that 
various w-aHylpalladium complexes can be alkylated with stabilized 
carbanions when the reaction is performed in the presence of strongly 
coordinating ligands such as phosphines (eq. 65). 
Through the use of allylic acetates as the starting material, Trost 
(164) has developed an efficient catalytic system for the alkylation. 
The nucleophile attacks the ir-allyl ligand on the face opposite the 
palladium. Since ir-allylpalladium formation also proceeds with 
inversion, the product that results has a net retention of 
stereochemistry (eq. 66). By using an intramolecular reaction of this 
type, a novel method for the preparation of large ring lactones has been 
developed (166) (eq. 67). 
NaCH(CO,CH_) 
3 
PdCl/g 
87 
AcO a 
PdfPPhg)^, THF^ 
NaCHfCOgCHgjg 
COgCHg (COgCHgjgCH 
( 6 6 )  
ZOgCH, 
NaH 
ÇH-SOgPh 
COgCHg 
PdtPPhg), (57) 
SOgPh 
COgCHg 
Alkenylzirconium complexes (167) and alkenylaluminum compounds (168) 
have also been used to alkylate the n-allyl ligand. These reactions 
proceed by initial attack of the alkenylmetal compound at palladium 
followed by reductive elimination to give a net inversion of 
stereochemistry (eq. 68). 
PdKPPhg)* (^"3 7^(68) 
H 
CH: ^AKCHgig 
COgCHg COgCHg 
Amine nucleophiles have also been shown to react with n-
allylpalladium complexes. Akermark and coworkers (169) have developed a 
procedure for the cis-l,4-diamination of cyclohexadiene (eq. 69). The 
8 8  
PPh3 (CHglgN 
w 
N(CHg)2 
AgBF^ ) 
(CHgjgNH 
( 6 9 )  
2 
fact that the cis compound is the only product observed suggests that the 
amine is attacking the ir-allyl ligand on the face opposite the 
palladium. However, Trost and Keinan (170, 171) have observed a cis-
trans mixture in the amination of allylic acetate 108. They state that 
there is a competition between external amine attack (cis product) or 
prior coordination to palladium followed by reductive elimination (trans 
product) (eq. 70) (172). 
Several groups (173-175) have used an intramolecular amine attack to 
prepare several interesting nitrogen heterocycles (eqs. 71-73). 
108 
65 ; 35 
,0Ac 
( 7 1 )  
89 
OAc CgHgCHg-
CHgjgNHCHgCgHc cat. PdfPPhgjg 
EtgN, CH3CN 
70*C 
( 7 2 )  
Hp 
+ H«c=cr 
^ ^CH=CH2 
Pd(OAc); 
Et,N, PPhq 
125°C 
4 
CH, 2 
-CH, 
(73) 
Less work has been done with respect to acetate or alkoxide attack 
on the ir-allyl ligand. Backvall and coworkers (176, 177) have shown that 
the reaction of an acetate with a Tr-allylpalladium complex can proceed by 
either external attack or by prior coordination to palladium depending on 
the reaction conditions employed (eqs. 74, 75). 
OCH. OCH, 
AgOAc CO 
C6"6 
AcO 
(74) 
PdCl/, 
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OAc 
cat. PdfOAcjg, benzoquinone 
HOAc, LiOAc 
AcO 
(75) 
AcO OAc 
cat. Pd(0Ac)2» benzoquinone A-\ 
W HOAc, LiOAc, Li CI 
Alkoxides have been of only limited utility as nucleophiles in tt-
allylpalladium chemistry. The first example of an alkoxide nucleophile 
was that of Takahashi ^li. (178) who used the sodium salts of methanol, 
benzyl alcohol and phenol in a transetherification reaction. Recently, 
Stanton and coworkers have developed a method for the preparation of 
oxygen heterocycles based on an intramolecular alkoxide attack (179) (eq. 
76). 
TESOfCHg) 
OH 
+ CCI RT 
TESO(CH,) 
TES= (CgHgigSi 
91 
The authors state that alkoxides may exhibit a relatively small energy 
difference between backside attack on the n-allyl ligand and attack at 
the metal center followed by reductive elimination. Stork and Poirier 
(180) have also used an intramolecular alkoxide attack in their method 
for the preparation of 2-substituted tetrahydrofurans of known absolute 
stereochemistry (eq. 77). 
H0(CHJ-\ .H 2^3% cat. Pd(PPhJ, /CH(CH3) 
•c=c: '3^2 
(77} 
In all the cyclizations described in this introduction, one must 
first synthesize the desired allylic substrate, sometimes via a multi-
step sequence, before cyclization can be effected. The work described in 
this chapter involves a novel synthesis of heterocyclic ring systems in 
which formation of the desired ir-allylic substrate and subsequent 
cyclization occur in the same flask. 
Results and Discussion 
a-Methylene-Y-butyrolactone and a-methylene-5-valerolactone units 
are found in various cytotoxic sesquiterpenes. Generally, these moieties 
are either cis- or trans-fused to 6-, 7-, or 10-membered rings. A few of 
the more important examples of these compounds are vernolepin (1^) 
(181), helenalin (^) (182), and costunolide (Ul) (183). As a conse­
quence of the wide range of biological activity, particularly the cyto­
toxic and antitumor activity (184), fungitoxicity (185), and plant growth 
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ÇH=CH2 
0 
0 
CH, 2 
10g 
CH, 2 
111 
inhibition (186) possessed by a-methylene-y-butyrolactones, this class of 
compounds has been the object of considerable synthetic activity (187). 
There have been several transition metal assisted syntheses of a-
methylene-Y-lactones developed recently. Semmelhack and Brickner (188) 
and Matsuda (189) have both found that alcoholic vinyl bromides can be 
carbonylated to the corresponding unsaturated lactone by the use of an 
excess of a nickel complex. Martin and Stille (190) have also observed 
that tetrakis(triphenylphosphine)palladium(0) will catalyze this 
transformation (eq. 78). 
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CHr 
CO, cat. PdfPPhg)^ ^ 
CH3CN, KgCOg 
70°C 
LgNifCO); 
base 
L= PPhj, CO 
/"2 
2/\)/^0 
(78) 
Hegedus e^^. (191) have developed a synthesis of a-methylene-y-
bu tyro lactones by the use of a Tr-allylnickel complex (eq. 79). 
0 
C2H50C_<rtiBr/2 + 
DMF 
COR' 50®C, 24h (79) 
CH. 
One of the more useful transition metal catalyzed syntheses of 
lactones involves the palladium catalyzed cyclocarbonylation of 
acetylenic alcohols (192). This method has been used to prepare several 
a-methy 1ene-7-butyro lactones (eq. 80). 
,i ,0H 
,2^ •C=CH 
CO, cat. PdClg 
SnClg, PR3, CH3CN 
70 "C 
,2/ 
CHr 
(80) 
Since it is known that organomercurials will react with 1,3-dienes 
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in the presence of a palladium salt to produce ir-allylpalladium complexes 
(193), and that carboxylates can attack ir-aHylpalladium complexes; it 
was believed that the reaction of a 1,3-diene with an organomercurial 
containing the carboxylate function might be used to prepare lactones. 
The first organomercurial examined was chloromercuriacetic acid 
(^). This compound was easily prepared by the reaction of 1,1-
difluoroethylene with mercuric acetate in water (194). The reaction of 
U2 with 1,3-cyclohexadiene in the presence of lithium 
tetrachloropalladate in tetrahydrofuran followed by treatment of the 
reaction mixture with potassium carbonate failed to produce any of the 
desired lactone. The compound that was produced appeared to be the acid 
U3 by both infrared and gas chromatographic-mass spectral analysis. 
Several other conditions were examined to see if HZ could be transformed 
into the desired lactone, but all proved unsuccessful (Scheme VIII). 
The vinylmercurial 114 was prepared in quantitative yield by the 
reaction of propiolic acid with mercuric chloride (22). The reaction of 
this compound with 1,3-cyclohexadiene (5 equivalents) in the presence of 
lithium trichloropalladate(II), followed by treatment of the reaction 
mixture with two equivalents of potassium carbonate did produce the 
desired lactone 115 in a 71% yield (eq. 81). Other variations in the 
reaction conditions, such as using two equivalents of 1,3-cyclohexadiene 
1 1 4  
+ 5 
115 (71%) 
95 
Scheme VIII 
ClHgCHgCOgH 
112 
+ 5 
LigPdCl^, THF EKgCOg 
0°C-> RT ^ 65"C,1.5d 
16h 
LigPdCl^, THF ggo^ 
ZKgCOg Ih 
0°C4 RT, 96h 
i/^yHgCOgH 
m (15%) 
113 (4%) 
LipPdCl., THF gcop 
prtN > polymer of 
•^"3 cyclohexadiene 
0*C4 RT, 16h 
H 
LiPdCU, CHLCN 2K,C0. 3 i N —  ^ j -> 
0°C4 RT, 48h RT, 16h 
15% 
112 + LifPdCI,. 2¥»3 
\r "H THF 65°C, 8h^ polymer 
0°D* RT, 6d 
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or using triethyl amine as the base, did produce US but in lower yields 
(22% and 46%, respectively). Since the reaction with 1,3-cyclohexadiene 
worked well, several other dienes were examined to see if the 
corresponding lactones could be produced (eqs. 82-86). In the case of 
acyclic dienes, it was found that two equivalents of diene were 
sufficient to obtain good yields. 
CH; 
CH 
114 + 2 3^, 
,CH=CH, 
H 
:c=c. 
114+2 H„C=C. 
—' ^ ^=CH, 
CH. 
LiPdClg^ 
CH3CN ^ 
CC-» RT, 20h 
8O0C, 5h 
7 
J:T 
116 (74%) 
(82) 
LiPdCl 1 
CH3CN 
0°C4 RT, 20h 
2KgC0^ 
80°C, 5h 
CH, 
%-r 
CH ycl 
2 H 
117 (32%) 
(83) 
114 + 2 H2C=C. 
.CH, 
"CH=CHr 
LiPdCl. 2KoC0, 
4 onL .u ) CH3CN 8O0C, 5h 
00C4 RT, 20h 
(84) 
CHr 
CH, -GW + H2C=CH 
118 UB 
— 5:1 (61%) 
9 7  
m + 2 (CHgjgC^HCH^Hg 
LiPdClg 
CH3CN 
0*04 RT, ZOh 
2KoC0, (CHg)2C=CHy^^n 
80"C, 5h 
(85) 
H 
120 (67%) 
114 + 5 
LiPdClg ^ 2K2CO3 
CH3CN ^ 80°C, 5h^ 
0°C4 RT. 20h 
(86) 
• Cl 
H 
121 (59%) 
The cis-ring fusion in compounds U5 and 121 was determined by 
comparison of the spectral data of these two lactones with the spectral 
data reported for lactones 122 and 123 (195). The cis stereochemistry 
122 
observed in compounds n5 and ^ is presumably arising from carboxylate 
attack on palladium followed by reductive elimination. 
Since it has been observed in our group (196) that organomercurials 
will react with vinylcyclopropanes in the presence of a palladium(II) 
salt to produce w-allylpalladium complexes, the possibility of using 
98 
vinylcyclopropanes instead of dienes in this lactone synthesis was 
examined (eqs. 87, 88). 
114 + 2 
114 + 2 
CH 
">c 
124 
H = CHr 
CH, 
LiPdCl, 
3 0°C4 RT, 20h 
3.5 : 1 (38%) 
125 
LiPdCl, 
4 
EKgCO] 
80°C, 5h 4 
CH3CN 
0°C4 RT, 20h 
2K2CO3 
80»C, 5h 4 
(87) 
CH^ iq, 
H 
Cl 
126 (60%) 
Larock and Takagi (197) have shown that Tr-allylpalladium compounds 
can be prepared by the reaction of lithium tetrachloropalladate(II), 
organomercurials and non-conjugated dienes such as 1,4-pentadiene or 1,5-
hexadiene. The use of a non-conjugated diene in the lactone preparation 
would enable one to make larger ring lactones. The reaction of mercurial 
114 with 1,4-pentadiene under the usual conditions did produce the 
desired a-methylene-e-valerolactone ^ in a yield of 64% (eq. 89). The 
extension of this reaction to 1,5-hexadiene proved unsuccessful. 
99 
LiPdCl. 
114 + excess H2C=CHCH2CH=CH2 4 CH3CN 
0*C4 RT, 20h 
80°C, 5h 4 
H2C=CHV 
I [ (89) 
H 
127 (64%) 
The next mercurial examined was 2-chloromercuribenzoic acid (^) in 
order to determine if one could prepare d i hydro i socoumar ins by this 
methodology. The mercurated acid was prepared in low yield from phthallc 
anhydride (eq. 90) (198). The reaction of mercurial ^ with cis-1,3-
0, 
NaOH 4 Hg(OAc), \ ^9 
n HMPA, 175°C 
2) HOAc, NaCl 
128 (80%) 
HgCl 
129 (14%) 
(90) 
pentadiene and 1,3-cyclohexadiene using the same conditions that were 
employed for n4 produced the dihydroisocoumarin derivatives DO and 1^1 
respectively (eqs. 91, 92). 
100 
COgH 
129 
CHj. XH=CH„ 
+ 2 ^^c=c:f ^ LiPdCl] ^ ZKgCOg 
CHgCN 
O'C» RT, 20h 
80°C, 5h 
( 9 1 )  
C=C^ 
130 (76%) 
129 + 5 LiPdCl 3_ 
CH3CN 
0®C-> RT, 20h 
EKgOOg 
80°C. 5h 
m (33%) 
The C I S -ring fusion in compound ^1 was previously established by 
hydrogénation (196). The us^ stereochemistry could again arise from 
initial attack of the carboxylate on the metal followed by reductive 
elimination. 
Larock and Mitchell (199) have shown that the reaction of a 
vinylmercurial with olefins in the presence of a palladium(II) salt 
produces Tr-allylpalladium compounds (eq. 93). It was believed that if 
the olefin contained a carboxylate function, then, this method of Tr-
allylpalladium synthesis could also be used as a method for the synthesis 
of lactones. 
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(CHJ.Cv /H 
C=C^ + 10 H,C=CHCO,CH_ 
NgCl ^ iHF (CHg)gC_ 
LigPdCl^ /"A 
H 
(93) 
-CHgCOgCH] 
PdCI/, 
The first vinylmercurial that was examined was ^-2-chloromercuri-
4,4-dimethy 1 -2-pentene (^2). The reaction of ^ with 3-butenoic acid 
(5 equivalents) in the presence of lithium te trach1orop a11a date(11) 
followed by treatment with two equivalents of potassium carbonate led to 
the formation of the desired y-butyrolactone 133 in a yield of 51% (eq. 
C=C. 
^gCl 
132 
+ 5 HgOCHCHgCOgH 
«:H3)3C>C  ^
133 (61%) 
Li.PdCl. 2K,C0, 
—2 ^ ) 
THF ' 80'C, 5h 
0°C4 RT, 20h 
(94) 
The mercury compound ^2 was reacted with other olefinic acids to 
determine if this method was applicable to both larger and smaller ring 
lactones. The reaction with acrylic acid produced only the diene acid 
134 in -50% yield (eq. 95). When performed in tetrahydrofuran, the 
m + 5 H2C=CHC02H 
(CH.)_C>. /CH^ (95) 
, 2K2GO3 . 
"THF 80 "C, 5K " \ro H 
0°C, RT, 20h " ^"2" 
134 (50%) 
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reaction of ^2 with 4-pentenoic acid produced no desired product, but, 
if the reaction was carried out using acetonitrile as the solvent, then 
the expected ô-valerolactone could be isolated in 765» yield (eq. 96). 
132 + 5 H2C=CH(CH2)2C02H ^ 
^ 2 2 2 2 CH3CN 80°C, 5h^ 
0*04 RT, 20h 
(96) 
H y"^ V 
135 (76%) 
Trying to extend this reaction to larger ring lactones by the use of 6-
heptenoic acid or 10-undecenoic acid proved unsuccessful and led only to 
recovery of the starting acid. 
In an effort to determine if this lactone synthesis was general for 
other vinylmercurials, trans-l-pentenylmercuric chloride (^) and trans-
l-decenylmercuric chloride (137) were examined. Both of these mercurials 
did produce the corresponding y-butyro lactone when reacted with 3-
butenoic acid in acetonitrile (eq. 97). 
Since the yields of both and were low and dimerlzation of 
the organomercurlal was observed, other conditions using organomercurial 
were examined (Scheme IX). Before the addition of the 
organomercurial, the reaction mixture was cooled to -20°C instead of 0°C; 
but, this produced little change in the isolated yield of 139. It was 
felt that removal of the lithium chloride from the reaction might 
decrease the amount of dimer formed; therefore, the reaction was 
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X=C + 5 H,C=CHCH.CO„H LiPdCl, 2K,C0. 
^9C1 2 2 2 ._2^ 
136: R=n-C,H7 0*C4 RT,20h 
137: R=n-CgH^7 
1_38: R=n-CgHy (31%) 
1^: R=!l-CgH^7 (40%) 
( 9 7 )  
Scheme IX 
m + 5 H2C=CHCH2C02H 
LiPdCl, 
4 CH3CN 
-20*04 RT, 20h 
80°C, 5h' 
(CHgCNOgPdClg^ ZKgCOg 
CH3CN 80°C, 5ti 
-20»C4 RT, 20h 
PdCl, 
4 
2K2CO3 
CH3CN 
-20°C4 RT, 20h 
PdCL 
' » 
CH2CI2 
-20"C-) RT, 20h 
80°C, 5h 
2K2CO3 
80°C, 5h 
139 (35%) 
139 (63%) 
4 139 (54%) 
139 (19%) 
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performed using bis(acetonitrile)dichloropal1adium(II) in acetonitrile, 
palladium chloride in acetonitrile and palladium chloride in methylene 
chloride. The best conditions for the reaction involved the use of bis 
(acetonitrile)dichloropalladium(II) in acetonitrile and starting the 
reaction at -20°C. Using the best conditions, the reaction of 1^7 with 
acrylic acid, 4-pentenoic acid, 6-heptenoic acid and 10-undecenoic acid 
was examined. Again, the only other acid that produced the desired 
product was 4-pentenoic acid (eq. 98). Recently, it has been found that 
137 f 5 H2C=CH(CH2)2C02H (CHgCN)2PdCl2 ^ ZK^Cy 
-20*04 RT, 20h 
CH3CN ^ see, 5h' 
H (98) 
140 (59%) 
the reaction of mercurial ^2 with 3-butenoic acid and 4-pentenoic acid 
using bis{acetonitrile)dichloropalladium(n) produced the lactones ^ 
and ^ in 83% and 70% yield, respectively (200). 
Since alkoxides and amines are also known to attack ir-allylpalladium 
compounds, one should be able to prepare other heterocyclic ring systems 
by the reaction of a suitably functionalized organomercurial with a 
diene. The preparation of dihydrobenzofuran derivatives was examined 
using 2-chloromercuri-4-methylphenol- (141). The reaction of IJd and cis-
1,3-pentadiene using the conditions developed for organomercurials for 
114 and 129 resulted in a low mass recovery and 3 spots by TLC 
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analysis. It was found that the cyclization to the dihydrobenzofuran 
could be accomplished, however, if five equivalents of cis-l,3-pentadiene 
were used, the initial temperature of addition was -20°C, and sodium 
hydride was used at the base (eq. 99). Other dienes such as 1,3-
141 (99) 
14^ (88%) 
cyclohexadiene, 1,4-pentadiene, and isoprene work equally well with this 
substrate to furnish compounds and ^ respectively (eqs. 
100-102). 
There have been a couple of other interesting palladium approaches 
to dihydrobenzofurans. Horino and Inoue (201) have also made use of 2-
chloromercuriphenol to prepare dihydrobenzofuran derivatives. Their 
approach involves the addition of an intermediate phenolic palladium 
compound across the carbon-carbon double bond of 2H-l-benzopyran (eq. 
103). Hosokawa et (202, 203) have made use of the palladium 
catalyzed cyclization of 2-allylphenols to prepare dihydrobenzofurans 
(eq. 104). 
106 
LiPdCl-
]i] ^ DLCN ^ 
-20°C+ RT, 20h 
2NaH . 
80°C, 5h' 
(100) 
143 (86%) 
141 + excess H2C=CHCH2CH=CH2 LiPdCl^ 
CH3CN 
-20"C^ RT, 20h 
2m 
80°C, 5h 
CH=CH2 
(101)  
144 (62%) 
1 4 1  + 5  H 2 C = C  
/CH3 
XH=CH. 
LiPdCl. 2NaH 
CH3CN 
-20*04 RT, 20h 
80°C, 5h 
(102) 
CH, 
145 
CH' 
H = CHr 
4:1 (83%) 
146 
107 
cat. PdfOAcjg 
CuCOAc), 
147 
(104) 
The stereochemistry of the ring junction in compound ^ was 
determined by comparison of its spectral data with that reported by 
Hosokawa for compound The cis stereochemistry observed in W could 
again arise from the attack of the alkoxide on palladium followed by 
reductive elimination, although other alternate pathways are possible. 
Several mercurated alcohols were examined to determine if other 
oxygen heterocycles could be prepared by this method. The mercurated 
benzyl alcohol ^ was synthesized by refluxing benzyl alcohol with 
mercuric acetate in water for six hours (204). The reaction of 2-
chloromercuribenzyl alcohol (^) with cis-1.3-pentadiene in the presence 
of lithium trichloropalladate(II) produced the dihydroisocoumarin 
derivative 149 in a 40% yield (eq. 105). 
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WgOH 
CH3CN 
-20°C- RT, 20h 
2NaH \ 
80°C, 5h ' 
!gCl 
148 
(105) 
^CH 3 
149 (40%) 
The allylic alcohol ^ was prepared by the reaction of propargyl 
alcohol with mercuric chloride (15). The reaction of this alcohol with 
lithium trichloropalladate(II) and cis-1.3-pentadiene (Table III) or 1,3-
cyclohexadiene (eq. 106) produced the eyelized compounds in very poor 
yield. 
One reason for the low yield of cyclized product might possibly be 
some form of hydride elimination from the allylic alcohol to form an 
aldehyde. Therefore, allylic alcohol ^ was examined. When reacted 
with cis-1.3-pentadiene, this mercurial produced the desired compound H4 
in good yield under a variety of conditions (Scheme X). The reaction of 
organomercurial 153 with 1,3-cyclohexadiene was successful only if the 
150 + 
LiPdCl 
H 
152 (24%) 
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Table III. Reaction Conditions for the Reaction of Alcohol 150 and 
cis-1,3-Pentadiene ' 
ClHg 
S :1 \ -20;C4RT 
T' 
CH. .CH=CHr 
150 
C-C\ ^0^ 
151 
2NaH \ 
80"C 
t2 
Pd(II) salt solvent (h) (h) Yield of 151 {%) 
LiPdCl, 
(CHgCNjgPdCl. 
LigPdCl^ 
CH3CN 20 
Pd(0Ac)2 
(CHgCNjgPdClg + 2PPh3 
THF 
CH3CN 48 
20 
24 
5 
10 
13 
10 
<5 
10 
<5 
reaction was performed in the presence of one equivalent of magnesium 
oxide. This condition produced the eyelized compound 155 in a yield of 
51% (eq. 107). Without magnesium oxide, the yield was <30%. 
In an attempt to extend this cyclization to nitrogen heterocycles, 
the reactions of 2-acetoxymercuri-4-methy1 ani1ine were studied. The 
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Scheme X 
ClHg ^ ^^/C(CH3)20H ^ ^ (CH,CN),PdC1, ^ gNaH 
^C1 
153 
CH3CN 
-20°C4 RT, 20h 
SO'C, 5h 
CH^ /H CH-)=C " 
154 (54%) 
CH^ /CH=CHp 
153 + 10 .C=C^ (CH^CNjgPdClg ZNaH 
CH3CN * 
-20"C^ RT, 20h 
sec, 5h 154 (70%) 
CHj. /CH=CH„ 
153 + 5 "^>=C. ^ (CHgCNjgPdClg ^ 
"CH^CN ^ 
-20°C4 RT, 20h 
IMgO 
2NaH 
80"C, 5h 4 154 (65%) 
153 + 5 (CH3CN)2PdCl, 
"CH^CN ' 
-20°C4 RT, 20h 
IMgO 
2NaH 
80°C, 5h' 
PH, 03;:' 
( 1 0 7 )  
155 (51%) 
I l l  
reaction of this mercurial with cis-l,3-pentadiene under various 
conditions produced three different cyclization products in a combined 
yield of -25%. Because of this low yield, no further work was attempted 
using the mercurated aniline. 
Horino and Inoue (205) have found that acetanilide can be ortho 
palladated with palladium acetate to produce a stable arylpalladium 
compound. This compound can then be reacted with olefins to produce the 
coupling product. With this in mind, the reaction of dienes and a 2-
mercurated acetanilide was examined. 
The mercurated acetanilide 156 was easily prepared by the reaction 
of 2-acetoxymercuri-4-methy1 ani1ine with acetic anhydride (206). The 
reaction of compound with various dienes using the same conditions 
that were used for compound 141, except that the initial temperature was 
0°C, provided the desired nitrogen heterocycles 1^, and (eqs. 
108-110). 
157 (71%) 
3 
(109) 
158 (74%) 
112 
+ excess H2C=CHCH2CH=CH2 cH^CN ^ SO'C, 5h 
0*C4 RT, 20h 
Ac 
LiPdCl] 
( 1 1 0 )  
CH=CH 2 
CH 3 
159 (20%) 
The cis ring fusion in ^ was established by comparison of the NMR 
coupling constant of the ring junction hydrogens with that reported by 
Trost and Genet (174) for compound 160. The cis-fusion could again be a 
result of initial attack of the amide anion on the metal center followed 
by reductive elimination. 
By selecting the appropriate organomercurial, it was believed that 
this methodology might be applicable to the preparation of carbocyclic 
ring systems. The mercurial that was used for this study was 3-
acetoxymercuri-2,4-pentanedione (161). The reaction of this mercurial 
with cis-l,3-pentadiene did produce the eyelized compound, but the 
product was one resulting from 0-alkylation rather than C-alkylation (eq. 
111). The best procedure for this reaction involved filtering the 
H 
150 
113 
CHOCOCHCOCH-
I 
HgOAc 
LiPdCl^ 
CH3CN ^ 
0°C-> RT, 20h 
2NaH 
80°C, 5h 
161 (111) 
0 
162 (28%) 
reaction mixture through Celite and washing with saturated ammonium 
chloride before the addition of sodium hydride. This produced the cyclic 
ether in a yield of 33%. Attempted isomerization of the 0-alkylated 
product to the C-alkylated compound by using the conditions of either 
Trost and coworkers (207) or Tsuji and coworkers (208) was 
unsuccessful. The isolation of the 0-alkylated product in systems such 
as this has also been observed (208, 209) (eqs. 112, 113). 
OAc 
"CHPCHCO.CH 
COCH3 
114 
A CHgCOgCHg PcKOAc)^ 
P(0Ph)3 ^ 
H2C=CK^(X^CHC02CHg 
Conclusion 
The results presented in this chapter provide a novel one-pot route 
to several heterocyclic ring systems. The methodology is based upon the 
ability of ir-allylpalladium compounds to undergo intramolecular 
nucleophilic attack by heteroatoms. In the reaction, one forms both a 
new carbon-carbon bond and a new carbon-heteroatorn.bond. By simply 
changing the organomercurial, one can prepare lactones, other oxygen-
containing heterocycles, and nitrogen-containing heterocycles in good 
yields. 
Equipment The infrared spectra were recorded on a Beckman IR-4250 
NMR spectra on a Varian Associates EM-360 NMR spectrometer or a Nicolet 
NT-300 NMR spectrometer. The mass spectra were obtained on an AEI MS-902 
high-resolution mass spectrometer, while the GC/mass spectra were 
recorded on a Finnegan 4023 GC/MS data system. Melting points were 
determined with a Thomas-Hoover melting point apparatus and are 
uncorrected. 
Experimental Section 
spectrophotometer or a Beckman Acculab 2 spectrophotometer, and the 
115 
Reagents All chemicals were used directly as obtained commercially 
unless otherwise indicated. Propargyl alcohol, 2-methyl-3-butyn-2-o1, 
propiolic acid, 3-butenoic acid, 1,3-cyclohexadiene (96%), isoprene 
(99%), 2,3-dimethyl-l,3-butadiene (98%), and 1,5-hexadiene (98%) were all 
purchased from Aldrich Chemical. cis-1.3-Pentadiene (99%), 1,4-
pentadiene (99%), and 4-methyl-1,3-pentadiene (99%) were purchased from 
Wiley Organics and 4-pentenoic acid from Alfa Products. The vinyl 
cyclopropanes and 2-acetoxymercuri-4-methy1 ani1ine were generously 
supplied by Dr. Sudarsanan Varaprath, and 2-chloromercuri-4-methy1phenol 
was supplied by Mr. David Leuck. trans-l-Pentenylmercuric chloride, 
trans-l-decenylmercuric chloride and ^-2-chloromercuri-4,4-dimethyl-2-
pentene were previously prepared according to the procedure of Larock and 
Brown (210) and were recrystallized from 95% ethanol before use. 
Acetonitrile was distilled from phosphorus pentoxide before use. 
Palladium chloride was generously supplied by Johnson Matthey, Inc., and 
Engelhard Industries. 
Chloromercuriacetic acid (112). The acid was prepared using a 
variation of the procedure developed by Knunyants, Perova, and Tyuleneva 
(194). In a 100 ml round-bottom flask was placed 4.78 g (15 mmol) of 
mercuric acetate in 20 mL of water. Then, 1,1-difluoroethylene was 
slowly bubbled into the solution and addition was continued until the 
reaction mixture showed a negative test for mercuric ion. Ice and 
saturated sodium chloride were added to the reaction mixture followed by 
15 mL of ether; and, the mixture was stirred at 0°C for 30 min. The 
solid was removed by filtration, washed with ether and air-dried to yield 
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3.80 g (12.9 mmol, 86%) of the acid: mp 195-196°C (lit. (211) mp 194-
I95OC); NMR (DMSO-dg) 5 2.38 (CH2); IR (nujol) 3300-2500 (OH), 1685 
(C=0) cm-1. 
E-g-Chloro-g-chloromercuriacrylic acid (114). This compound was 
prepared using the method of Nesmeyanov et_^. (22). In a 50 mL 
Erlenmeyer flask, 1.0 g (14.3 mmol) of propiolic acid was mixed with 10 
mL of a solution saturated with both mercuric chloride and sodium 
chloride. The precipitate began to form after 5 min. of scratching the 
side of the flask with a glass rod. The reaction mixture was let stand 
for 2 h, filtered, washed with a little water and dried to provide 4.80 g 
(14 mmol, 100%) of the title compound: mp 177-180°C (lit. (22) mp 178-
I79OC); NMR (DMSO-dg) 6 6.50 (s, J^gg = 180 Hz, HC=C); IR (nujol) 
Hg-H 
3400-2800 (OH), 1660 (C=0) cm'l. 
2-Chloromercuribenzoic acid (129). In a 250 mL round-bottom flask, 
2.96 g (20 mmol) of phthalic anhydride was dissolved in 100 mL of 0.4 N 
sodium hydroxide. To this solution, a solution of 6.37 g (20 mmol) of 
mercuric acetate in 100 mL of water containing 1 mL of acetic acid was 
added; and, the resulting mixture was stirred for 10 min. The solid was 
filtered, washed with absolute ethanol and dried to yield 5.85 g (16 
mol, 80%) of salt 128. The crude salt was decarboxylated using the 
procedure of Newman and Vander Zwan (198). In a 250 mL round-bottom 
flask with a reflux condenser, ^ and 4 g of powdered soft glass were 
suspended in 35 mL of hexamethy1phosphoramide. This suspension was 
placed in a 175°C oil bath and heated until the evolution of carbon 
dioxide ceased (- 1 h). The mixture was diluted with 200 mL of water and 
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solid was dissolved in acetic acid and saturated sodium chloride was 
added. The mixture was extracted with hot chloroform, dried (MgSO^) and 
concentrated to yield 0.80 g (2.24 mmol, 14%) of the desired mercurial 
123: mp 250-252°C (with dec.); NMR (DMSO-dg) 5 7.24-7.85 (m, 3H, H-3, 
H-4, H-5), 8.19 (d. IH, J=7.5 Hz, H-6); IR (nujol) 3400-2500 (OH), 1665 
(C=0) cm'l. 
2-Chloromercuribenz.yl alcohol (148). This compound was prepared by 
the mercuration of benzyl alcohol using the procedure of Ukai, Yamamotc 
and Yotsuzuka (204). In a 100 mL round-bottom flask, 9.7 g (30.4 mmol) 
of mercuric acetate and 3.24 g (30 nrnol) of benzyl alcohol were refluxed 
in 60 mL of water for 6 h. The hot reaction mixture was filtered and 
poured into saturated sodium chloride. The resulting solid was filtered 
and treated with hot water to separate the 2-mercurated isomer (soluble) 
from the 4-mercurated isomer (insoluble) to provide 0.390 g (1.14 mmol, 
3.8%) of the desired isomer: mp 119-121°C (lit. (204) mp 120-120.5°C). 
f-2-Chloro-3-chloromercuri-2-propen-l-o1 (150). This compound was 
prepared from propargyl alcohol using the procedure of Nesmeyanov and 
Kochetkov (16). In a 50 mL Erlenmeyer flask, 0.96 g (17.1 mmol) of 
propargyl alcohol was mixed with 10 mL of a solution saturated with both 
mercuric chloride and sodium chloride. The reaction mixture was stirred 
for 1 h, and the resulting solid was filtered, washed with a little cold 
water and allowed to air dry. Recrystallization of the crude solid from 
benzene provided 3.35 g (10.2 mmol, 60%) of the desired mercurial: mp 
105-107°C (lit. (16) mp 105°C); ^H NMR (acetone-dg) 6 3.21 (br s, IH, OH), 
4.30 (d, 2H, 1=1.8 Hz, CHg), 6.27 (t, IH, 1=1.8 Hz, HC=C). 
118 
E-3-Chloro-4-chloromercuri-2-tnethy1-3-buten-2-o1 (153) was prepared 
in identical fashion: yield 34%; mp 69-70°C (lit. (16) mp 70°C); NMR 
(acetone-dg) 6 1.51 (s, 6H, CH3), 5.05 (s, IH, OH), 6.01 (s, IH, HC=C). 
2-Acetox.ymercuri -4-methyl acetan i 1 ide (156). The title compound was 
prepared according to the procedure of Bell (206). In a 50 mL round-
bottom flask, 3.66 g (10 mmol) of 2-acetoxymercuri-4-methylaniline was 
stirred overnight with 20 mL of acetic anhydride. The solid was 
filtered, washed with 10 mL of water and 15 mL of cold ether and dried to 
give 2.67 g (6.55 mmol, 66%) of compound mp 175-178°C (lit. (206) 
1780C); NMR (DMSO-dg) 6 2.01 (s, 3H, COCH3), 2.12 (s, 3H, COCH3), 2.31 
(s, 3H, ArCHg), 6.85-7.78 (m, 3H, %), 9.36 (br s, IH, NH). 
3-Acetox.ymercur1-2.4-pentanedione (161). This mercurial was 
prepared from 2,4-pentanedione using the procedure of Allmann and 
coworkers (212). To a solution of 2.50 g (25.0 mmol) of 2,4-pentanedione 
in 50 mL of ethanol was added a solution of 8.0 g (25.1 mmol) of mercuric 
acetate in 100 mL of water. The reaction mixture was stirred for 1 h and 
the resulting precipitate was filtered, washed with cold water and cold 
ether, and allowed to air dry for 5 h: yield 69%; mp 251°C (dec.); IR 
(nujol) 1690 (C=0), 1660 (C=0), 1635 (C=0) cm'^. 
Lactones ^5-^ were all prepared in a similar manner. In the case 
of acyclic dienes and vinylcyclopranes only two equivalents of diene were 
used. The preparation of lactone 115 is representative. 
Lactone 115. To a solution of 0.178 g (1.0 mmol) of palladium 
chloride and 0.043 g (1.0 mmol) of lithium chloride in 20 mL of dry 
acetonitrile at 0°C under nitrogen were added 0.40 g (5 mmol) of 1,3-
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cyclohexadiene and 0.340 g (1.0 mmol) of mercurial IH. The solution was 
allowed to warm to room temperature and stirred overnight. Potassium 
carbonate (2 mmol) was then added and the reaction mixture was refluxed 
for 5 h, diluted with 5 mL of ether and a small amount of activated 
carbon was added. The mixture was filtered through Celite, washed with 
saturated ammonium chloride, dried (MgSO^) and concentrated. The 
concentrate was purified by column chromatography using hexanes-ethyl 
acetate (2:1) as the eluent to provide 0.130 g (0,71 mmol, 71%) of 
lactone m (Rf 0.33): mp 70-71°C; NMR (CDCI3) 6 1.34-2.33 (m, 4H, 
CH2), 2.94-3.46 (m, IH, CH), 4.82 (dd, IH, Jj=7 Hz, J=2.6 Hz, -CH0-), 
5.62-6.33 (m, 2H, HC=CH), 6.64 (d, IH, 1=2 Hz, C=CHC1); IR (neat) 3060 
(C=CH), 3030 (C=CH), 1760 (C=0), 1635 (C=C) cm"^; mass spectrum m/z 
186.02537 (calcd for C9H9 ^^ClOg, 186.02616). 
Lactone 116: yield 74%; ^H NMR (CDCI3) 6 1.75 (d, 3H, 1=5.8 Hz, 
CH3), 2.51-3.49 (m, 2H, CHg), 4.91 (q, IH, J=6.8 Hz, -CHO-), 5.38-6.01 
(m, 2H, CH=CH), 6.67 (dd overlapping, IH, 1=2.4 Hz, 1=2.0 Hz, C=CHC1) 
(the 300 MHz spectrum in the region 5.37-6.14 indicated compound ^ to 
be the trans isomer 1=15.37 Hz); IR (neat) 3045 (C=CH), 1760 (C=0), 1665 
(C=C), 1620 (C=C) cm~^; mass spectrum m/z 172.02892 (calcd for CgHgC102, 
172.02911). 
Lactone 117: yield 32%; ^H NMR (CDCI3) 6 1.54 (s, 3H, CH3), 1.69 
(d, 3H, 1=1.2 Hz, C=CCH3), 2.79-3.10 (m, 2H, CH2), 4.89 (br s, IH, C=CH), 
5.05 (br s, IH, C=CH), 6.64 (dd overlapping, IH, 1=2.3 Hz, 1=2.0 Hz, 
C=CHC1); IR (neat) 3060 (C=CH), 1765 (C=0), 1640 (C=C), 1630 (C=C) cm"^; 
mass spectrum m/z 186.04481 (calcd for CgH]^]^C102, 186.04476). 
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Lactones 118 and 119; yield 61%; NMR (CDClg) 5 1.50 (s, 3H, CH3 
of U9), 1.74 (s, 3H, CH3 of US), 2.86-3.25 (m, 2H, CHg), 4.84-5.28 (m, 
olefin of 1^ and 319, -CHO- of , 6.62 (dd overlapping, IH, _0=1.92 
Hz, J=2.40 Hz, C=CHC1); IR (neat) 3050 (C=CH), 1760 (C=0), 1635 (C=C), 
1620 (C=C) cm"^; mass spectrum m/z 172.02884 (calcd for CgHgC102, 
172.02911). 
Lactone 120; yield 67%; NMR (CDCI3) a 1.77 (br s, 6H, CH3), 
2.42-3.41 (m, 2H,. CH2), 5.03-5.36 (m, 2H, C=CH and -CH0-), 6.68 (dd 
overlapping, IH, JN2.5 Hz, ^=2.0 Hz, C=CHC1); IR (neat) 3080 (C=CH), 1770 
(C=0), 1645 (C=C) cm"^; mass spectrum m/z 186.04525 (calcd for CgH2iC102, 
186.04476). 
Lactone 121: yield 59%; mp 93-95°C; ^H NMR (CDCI3) ô 2.13-3.28 (m, 
2H, CHg), 3.42-3.84 (m, IH, CH), 5.43 (dd, IH, i=7.0 Hz, >2.0 Hz -CH0-), 
5.64-6.12 (m, 2H, HC=CH), 6.63 (d, IH, i=2.1 Hz, C=CHC1); IR (film) 3060 
(C=CH), 1755 (C=0), 1660 (C=C), 1615 (C=C) cm"^; mass spectrum m/z 
170.01386 (calcd for CgHyC102, 170.01346). 
Lactones 124 and 125: yield 38%; ^H NMR (CDCI3) for <5 1.50 
(s, 3H, CH3), 2.78-3.01 (m, 2H, CHg), 3.37 (d, 2H, J=4.7 Hz, ArCHg), 
5.59-5.93 (m, 2H, HC=CH), 6.58 (dd overlapping, IH, 1=2.6 Hz, J=2.1 Hz, 
C=CHC1), 7.07-7.54 (m, 5H, CgHg); for S 1.42 (s, 3H, CH3), 1.51 (s, 
3H, CH3), 2.76-3.00 (m, 2H, CH2), 4.72 (br s, IH, C=CH), 6.32 (dd 
overlapping, IH, Jj=2.3 Hz, Jj=2.1 Hz, C=CHC1), 7.05-7.54 (m, 5H, C5H5); IR 
(neat) 3060 (C=CH), 3020 (C=CH), 1760 (C=0), 1635 (C=C) cm"^; mass 
spectrum m/z 262.07640 (calcd for C25HigC102, 262.07606). Capillary gas 
chromatographic analysis indicated that compound was only one isomer. 
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Lactone 126: yield 60%; NMR (CDCI3) 6 1.61 (s, 3H, CH3), 1.65 
(d, 3H, i=5.8 Hz, CH3), 2.76-3.15 (m, 2H, CHg), 4.86 (t, IH, J=7.1 Hz, 
-CH0-), 5.62 (q, IH, 3=6.4 Hz, C=CH), 6.65 (t, IH, J=2.3 Hz, C=CHC1); IR 
(neat) 3080 (C=CH), 1760 (C=0), 1635 (C=C) cm"^; mass spectrum m/z 
186.04451 (calcd for CgHiiClOg, 186,04476). 
Lactone 127: yield 64%; NMR (COClg) 6 1.64-2.97 (m, 4H, CH2), 
4.56-4.98 (m, IH, -CHO-), 5.02-6.21 (m, 3H, HC=CH2), 6.59 (t, IH, J=2.1 
Hz, C=CHC1); IR (neat) 3070 (C=CH), 1725 (C=0), 1640 (C=C), 1600 (C=C) 
cm"^; mass spectrum m/z 172.02858 (calcd for CgHgC102, 172.02911). 
The following dihydroisocoumarin derivatives were prepared in the 
same manner starting from 2-chloromercuribenzoic acid (^). 
Compound 130: yield 76%; isolated by column chromatography 
(hexanes-ethyl acetate (4:1) R^ 0.30); ^H NMR (CDCI3) 6 1.73 (d, 3H, 
J=4.5 Hz, CH3), 2.99 (d, 2H, 1=7.0 Hz, CH2), 4.92 (q, IH, J_=6.8 Hz, 
-CH0-), 5.37-6.14 (m, 2H, CH=CH), 7.06-8.10 (m, 4H, CgH^) (the 300 MHz 
spectrum of the olefin region indicated compound ^0 to be the trans 
isomer, J=15.3 Hz); IR (neat) 3020 (C=CH), 1720 (C=0) cm"^; mass spectrum 
m/z 188.08439 (calcd for Ci2'^12®2' 188.08373). 
Compound 131: yield 33%; ^H NMR (CDCI3) ô 1.56-2.52 (m, 4H, CH2), 
2.70-3.21 (m, IH, CH), 4.98 (t, IB, 0=5 Hz, -CH0-), 5.81-6.32 (m, 2H, 
HC=CH), 7.13-8.28 (m, 4H, CgH^); IR (neat) 3030 (C=CH), 1725 (C=0), 1600 
(C=C) cm"^; mass spectrum m/z 200.08368 (calcd for ^12,^12^2' 200.08373). 
y-Butyrolactone 133. To a 0°C mixture of 0.085 g (2.0 mmol) of 
anhydrous lithium chloride, 0.178 g (1.0 mmol) of palladium chloride and 
0.430 g (5.0 mol) of 3-butenoic acid in 20 mL of dry tetrahydrofuran was 
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added 0.333 g (1.0 tnmol) of _E^2-chloromercuri-4,4-diinethyl-2-pentene 
(132). The resulting mixture was allowed to warm to room temperature and 
stirred overnight. Then, 0.280 g (2.0 mmol) of potassium carbonate was 
added and the mixture was refluxed for 5 h, diluted with 5 mL of ether 
and a small amount of activated carbon was added. The resulting mixture 
was filtered through Celite, washed with ammonium chloride and saturated 
sodium bicarbonate, dried (MgSO/^) and concentrated. Column 
chromatography of the residue using hexanes-ethyl acetate (2:1) as the 
eluent provided 0.111 g (0.61 mol, 61%) of the desired lactone (R^ 
0.42). NMR (CDCI3) 6 1.12 (s, 9H, t-C^Hg), 1.72 (d, 3H, Jfl Hz, CH3), 
2.14-2.73 (m, 4H, CHg), 4.75 (t, J.=7.5 Hz, -CHO-), 5.52 (br s, IH, C=CH); 
IR (neat) 1770 (C=0), 1650 (C=C) cm"^; mass spectrum m/z 172.13034 (calcd 
for CiiHisOg, 182.13068). 
6-Valerolactone 135 was prepared in identical fashion using 
acetonitrile as the solvent: yield 76%; ^H NMR (CDCI3) 6 1.19 (s, 9H, jt-
C4H9), 1.81 (d, 3H, J=1 Hz, CH3), 1.89-2.79 (m, 6H, CH2), 4.80 (t, IH, 
J=7.2 Hz, -CHO-), 5.79 (br s, IH, C=CH); IR (neat) 1725 (C=0), 1640 (C=C) 
cm"^; mass spectrum m/z 196.14671 (calcd for 196.14633). 
Y-Butyrolactone 138 was prepared in the same manner using trans-1-
pentenyMercuric chloride U6: yield 31%; ^H NMR (CDCI3) 6 0.92 (t, 3H, 
1=6 Hz, CH3), 1.07-2.79 (m, 8H, CHg), 4.82 (q, IH, J=7 Hz, -CHO-), 5.43-
5.94 (m, 2H, HC=CH, from 300 M Hz ^=15.3 Hz); IR (neat) 1770 (C=0), 1650 
(C=C) cm~^; mass spectrum m/z 154.09979 (calcd for C9H24O2 154.09938). 
Y-Butyrolactone 139. In a 25 mL round-bottom flask, 0.130 g (0.5 
mol) of bis(acetonitrile)dichloropanadium(II) was dissolved in 15 mL of 
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dry acetonitrile. The solution was cooled to -20°C and 0.215 g (2.5 
mmol) of 3-butenoic acid and 0.187 g (0.5 mmol) of trans-1-
decenylmercuric chloride were added. The reaction was stirred at -20°C 
for ~2 hr, then, allowed to warm to room temperature and stirred 
overnight. To the solution, 0.140 g (1.0 mmol) of potassium carbonate 
was added and the mixture was refluxed for 5 h. Work-up as described for 
^ provided 0.070 g (0.313 mmol, 63%) of the desired lactone: NMR 
(CDCI3) 6 0.68-1.62 (m, 17H, CgHiy), 1.76-2.73 (m, 4H, CHg), 4.85 (q, IH, 
J=6.3 Hz, -CHO-), 5.23-6.01 (m, 2H, HC=CH, from 300 M Hz J_=15.4 Hz); IR 
(neat) 1765 (C=0), 1660 (C=C) cm"^; mass spectrum m/z 224.17709 (calcd 
for C14H24O2, 224.17764). 
6-Valerolactone 140 was prepared in the same manner: yield 59%; 
NMR (CDC13) 6 0.68-1.59 (m, 17H, CgHiy), 1.63-2.71 (m, 6H, CH2), 4.52-
4.91 (m, IH, -CH0-), 5.25-5.98 (m, 2H, HC=CH, 300 M Hz M5.7 Hz); IR 
(neat) 1725 (C=0) cm"^; mass spectrum m/z 238.19321 (calcd for C]^5H2602> 
238.19329). 
Dihydrobenzofuran 142. To a -20°C solution of 0.088 g (0.5 mmol) of 
palladium chloride and 0.022 g (0.5 mmol) of lithium chloride in 10 mL of 
dry acetonitrile under nitrogen were added 0.170 g (2.5 mmol) of cis-1,3-
pentadiene and 0.164 g (0.5 imiol) of 2-chloromercuri-4-methylphenol. 
After stirring at -20°C for 1.5 h, the reaction mixture was slowly warmed 
to room temperature and stirred overnight. Sodium hydride (1.0 mmol) was 
then added and the reaction mixture was refluxed for 5 h, diluted with 5 
mL of ether and a small amount of activated carbon was added. The 
mixture was filtered through Celite, washed with saturated ammonium 
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chloride, dried (MgSO^) and concentrated. The residue was purified by 
column chromatography using hexanes-ethyl acetate (15:1) as the eluent to 
yield 0.077 g (0.44 mol, 88%) of the desired heterocycle (R^ 0.47): 
NMR (CDCI3) 6 1.69 (d, 3H, 1=4.5 Hz, CH3), 2.27 (s, 3H, ArCHg), 2.81-3.32 
(m, 2H, CH2), 4.82-5.30 (m, IH, -CHO-), 5.57-5.98 (m, 2H, HC=CH), 6.55-
7.02 (m, 3H, %); IR (neat) 3015 (C=CH), 1675 (C=C), 1615 (C=C) cm'^; 
mass spectrum m/z 174.10384 (calcd for C22H14O, 174.10447). 
The following compounds were prepared in identical fashion. 
Compound 143: yield 86%; NMR (CDCI3) 5 1.43-2.17 (m, 4H, CH2), 
2.25 (s, 3H, ArCH3), 3.02-3.49 (m, IH, CH), 4.87 (dd, IH, J_=8 Hz, >2.0 
Hz, -CHO-), 5.90-6.17 (m, 2H, HC=CH), 6.57-7.00 (m, 4H, CgH/}); IR (neat) 
3045 (C=CH), 1660 (C=C), 1625 (C=C) cm"^; mass spectrum m/z 186.10455 
(calcd for C^gH^/^O, 186.10447). 
Compound 144: yield 62%; ^H NMR (CDCI3) 6 1.73-2.08 (m, 2H, CH2), 
2.24 (s, 3H, ArCH3), 2.55-2.93 (m, 2H, CH2), 4.23-4.61 (m, IH, -CHO-), 
5.00-6.26 (m, 3H, HC=CH2), 6.69-7.00 (m, 3H, C6H3); IR (neat) 3015 
(C=CH), 1600 (C=C) cm"^; mass spectrum m/z 174.10399 (calcd for C22H14O 
174.10447). 
Compounds 145 and 146: yield 83%; ^H NMR (CDCI3) 6 1.50 (s, 3H, CH3 
of W), 1.72 (d, 3H, J=1 Hz, CH3 of ^5), 2.27 (s, 3H, ArCH3), 2.73-3.36 
(m, 2H, CHg), 4.68-5.41 (m, olefin of ^5 and U6, -CHO- of ^5), 6.52-
7.13 (m, 3H, C6H3); IR (neat) 3020 (C=CH), 1635 (C=C), 1600 (C=C) cm"^; 
mass spectrum m/z 174.10399 (calcd for C]_2H]^40, 174.10447). 
Compound 149. This compound was prepared similarly using 2-
chloromercuribenzyl alcohol (148): yield 40%; NMR (CDCI3) 6 1.73 (d, 
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3H, J=4.5 Hz, CH3), 2.77 (d, 2H, J.=6 Hz, CH2), 4.13 (q, IH, J=6 Hz, 
-CHO-), 4.82 (br s, 2H, CH2O), 5.55-5.89 (m, 2H, HC=CH), 6.75-7.33 (m, 
4H, CgH^); IR (neat) 3010 {C=CH), 1620 (C=C), 1600 (C=C) cm"^; mass 
spectrum m/z 174.10431 (calcd for C22H14O, 174.10447). 
Compound 152. To a -20°C solution of 0.088 g (0.5 mol) of 
palladium chloride and 0.022 g (0.5 mmol) of lithium chloride in 10 mL of 
dry acetonitrile were added 0.20 g (2.5 mmol) of 1,3-cyclohexadiene and 
0.164 g (0.5 mmol) of mercurial IM. The reaction mixture was stirred at 
-20°C for 2 h, then warmed to room temperature and stirred overnight. 
Sodium hydride (1.0 imol) was then added and the reaction mixture was 
refluxed for 5 h, diluted with 5 mL of ether and a small amount of 
activated carbon was added. The mixture was filtered through Celite, 
washed with saturated ammonium chloride, dried (MgSO/^) and 
concentrated. The residue was purified by chromatography using hexanes-
ethyl acetate (15:1) to yield 0.020 g (0.12 mmol, 24%) of the cyclized 
compound (Rf 0.50 ): ^H NMR (COClg) <S 1.61-2.58 (m, 5H, CH2 and CH), 
3.83-4.02 (m, IH, -CHO-), 4.13 (t, 2H, J=1.8 Hz, CH2O), 5.70-6.18 (m, 3H, 
HC=CH and HC=C); IR (neat) 3030 (C=CH), 1630 (C=C) cm"^; 6C/MS, m/z 
(relative intensity) 172 (15.5, M + 2), 170 (51, M+), 135 (94). 
The following compounds were prepared in a similar manner using 
bis(acetonitrile)dichloropalladium(II) and the experimental changes 
indicated. 
Compound 151: yield 13%; ^H NMR (CDCI3) 0 1.61 (d, 3H, _J=5 Hz, 
CH3), 2.1-2.5 (m, 2H, CH2), 3.80-4.03 (m, IH, -CHO-), 4.17 (t, 2H, 0=2 
Hz, CHgO), 5.58-6.02 (m, 3H, HC=CH and HC=C); IR (neat) 3025 (C=CH), 1620 
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(C=C) ctn"^; GC/MS, m/z (relative intensity) 160 (1.15, M + 2), 158 (3.76, 
M+). 
Compound 154; 10 equivalents of diene; yield 70%; NMR (CDCI3) 5 
1.49 (s, 3H, CH3), 1.54 (s, 3H, CH3), 1.73 (d, 3H, J=5.2 Hz, CH3), 2.28-
2.75 (m, 2H, CH2), 4.09-4.56 (m, IH, -CHO-), 5.32-5.79 (m, 2H, HC=CH), 
5.94 (t, IH, J_=2 Hz, HC=C); IR (neat) 3030 (C=CH), 1615 (C=C) cm"^; mass 
spectrum m/z 186.08089 (calcd for C^oHigClO, 186.08115). 
Compound 155; 1 equivalent of magnesium oxide; yield 51%; NMR 
(CDCI3) Ô 1.47 (s, 3H, CH3), 1.56 (s, 3H, CH3), 1.58-2.21 (m, 4H, CHg), 
2.50-2.88 (m, IH, CH), 4.21-4.46 (m, IH, -CH0-), 5.89-6.15 (m, 3H, HC=CH 
and HC=C); IR (neat) 3050 (C=CH), 3020 (C=CH), 1635 (C=C) cm'^; mass 
spectrum m/z 198.08150 (calcd for C^Hj^gClO, 198.08115). 
Dihydroindole 157. A solution of 0.178 g (1.0 mmol) of palladium 
chloride and 0.043 g (1.0 mmol) of lithium chloride in 20 mL of dry 
acetonitrile under nitrogen was cooled to 0°C and 0.340 g (5.0 mmol) of 
cis-1.3-pentadiene was added followed by 0.408 g (1.0 mmol) of mercurial 
The solution was allowed to warm to room temperature and stirred 
overnight. Sodium hydride (2 mmol) was then added and the reaction 
mixture was refluxed for 5 h, diluted with 10 mL of ether and a small 
amount of activated carbon was added. The mixture was filtered through 
Celite, washed with saturated ammonium chloride, dried (MgSO/^) and 
concentrated. The concentrate was purified by column chromatography 
using hexanes-ethyl acetate (2:1) as the eluent to provide 0.152 g (0.71 
mmol, 71%) of the pure dihydroindole (Rf 0.32); ^H NMR (CDCI3) 6 1.63 
(d, 3H, J=5.0 Hz, CH3), 2.18 (s, 3H, COCH3), 2.26 (s, 3H, ArCHg), 2.51-
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3.48 (m, 2H, CHg), 4.51-4.89 (m, IH, CHN), 5.35-5.77 (m, 2H, HC=CH), 
6.80-7.13 (m, 2H, H-4, H-6), 8.02 (br s, IH, H-7); IR (neat) 3010 (C=CH), 
1650 (C=0), 1605 (C=C) cm"^; mass spectrum m/z 215.13047 (calcd for 
C14H17NO, 215.13102). 
The following compounds were prepared in a similar manner. 
Compound 158: yield 74%; mp 123-125°:; NMR (CDCI3) 6 1.78-2.15 
(m, 4H, CH2), 2.30 (br s, 6H, COCH3, ArCHg), 3.42-3.84 (m, IH, CH), 4.79 
(d, 2H, J=7.5 Hz, CHN), 5.49-6.00 (m, 2H, HC=CH), 6.80-7.29 (m, 2H, H-4, 
H-6), 7.98 (d, IH, Jj=8 Hz, H-7); IR (film) 3015 (C=CH), 1655 (C=0), 1600 
(C=C) cm~^; mass spectrum m/z 227.13027 (calcd for C^gH^yNO 227.13102). 
Compound 159; yield 20%; ^H NMR (CDCI3) 5 2.15 (s, 3H, COCH3), 2.30 
(s, 3H, ArCH3), 2.41-2.73 (4H, m, CH2), 4.79-4.98 (m, IH, CHN), 5.01-5.81 
(m, 3H, HC=CH2), 6.84-7.30 (m, 3H, CgHg); IR (film) 3040 (C=CH), 1665 
(C=0), 1600 (C=C) cm"^; mass spectrum m/z 215.13068 (calcd for C^^H^yNO, 
215.13102). 
Compound 162. To a 0°C solution of 0.088 g (0.5 mmol) of palladium 
chloride and 0.022 g (0.5 mmol) of,lithium chloride in 10 mL of 
acetonitrile were added 0.068 g (1.0 mmol) of cis-l,3-pentadiene and 
0.180 g (0.5 mmol) of 3-acetoxymercuri-2,4-pentanedione. The reaction 
mixture was warmed to room temperature and stirred overnight. The 
mixture was filtered through Celite, washed with 20 mL of saturated 
ammonium chloride and dried (Mg SO4). The solution was placed in a 50 mL 
round-bottom flask and sodium hydride (0.5 mmol) was added. The reaction 
mixture was refluxed for 5 h, diluted with ether and a small amount of 
activated carbon was added. The mixture was filtered through Celite, 
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washed with saturated ammonium chloride, dried (MgSO/^) and 
concentrated. The concentrate was purified by column chromatography 
using hexanes-ethyl acetate (3:1) as the eluent to provide 0.027 g (0.163 
mol, 33%) of compound NMR (CDCI3) a 1*69 (d, 3H, _J=5.0 Hz, 
CH3), 2.18 (m, 6H, COCH3 and CH3), 2.50-3.17 (m, 2H, CH2), 4.68-5.07 (m, 
IH, -CHO-), 5.43-5.82 (m, 2H, HC=CH); IR (neat) 3010 (C=CH), 1650-1580 
(C=C and C=0) cm~^; GC/MS, m/z (relative intensity) 166 (63, M"*"), 151 
(5), 123 (100). 
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CONCLUSION 
In this work, two new organometallic approaches to heterocyclic ring 
systems were developed. First, the mercuration of aryl acetylenes 
provides a broad range of naturally occurring, physiologically active 
heterocyclic ring systems, including benzofurans, benzothiophenes, 
isocoumarins, chromones, benzopyrans, coumarins, and coumestan. The 
mercury moiety in many of these compounds can be substituted by various 
methods to provide more highly functionalized heterocycles. The reaction 
of an organomercurial with a diene or an olefin in the presence of a 
palladium!II) salt provides another method for the preparation of 
heterocycles. The approach involves the intramolecular attack of an 
oxygai or a nitrogen mucleophile on a Tr-allylpalladium intermediate. In 
the reaction, both a new carbon-carbon bond and a new carbon-heteroatom 
bond are formed. Using this method, lactones, dihydrobenzofurans, 
dihydroindoles, and pyrans can be prepared in good yields. 
130 
REFERENCES 
1. Larock, R. C. Tetrahedron 1982, 38, 1713 and references cited 
therein. 
2. Biginelli, P. Annali Farmacoterap. Chim. 1898, 16; Chem. Zentralbl. 
1 1898, 925. 
3. Chapman, D. L.; Jenkins, W. J. _J. Chem. Soc. 1919, 115, 847. 
4. Freidlina, R. Kh.; Nesmeyanov, A. N. Dokl. Akad. Nauk SSSR 1940, 
26, 59; Chem. Abstr. 1940, 34, 6567\ 
5. Nesmeyanov, A. N.; Freidlina, R. Kh.; Borisov, A. E. Izv. Nauk 
SSSR, Otd. Khim. Nauk 1945, 137; Chem. Abstr. 1946 , 40 , 345177" 
6. Nesmeyanov, A. N.; Freidlina, R. Kh. Izv. Akad. Nauk SSSR, Otd. 
Khim Nauk 1945, 150; Chem. Abstr. 1946, 40, 3451^. 
7. Kitaigorodskii, A. I. Izv. Akad, Nauk SSSR, Otd. Khim. Nauk 1945, 
170; Chem. Abstr. 1946, 40, 345P. 
8. Shestakova, V. S.; Brailovskii, S. M.; Temkin, 0. N.; Azbel, B. I. 
Zh. Org. Khim. 1978, 14, 2039; Or£. Chem. USSR 1978, 14, 1891. 
9. Wittig, G.; Fischer, S. Chem. Ber. 1972, 105, 3542. 
10. Kozlov, N. S.; Korotyshova, G. P. Vest si Akad. Navuk B. SSR, Ser. 
Khim. Navuk 1974, 52; Chem. Abstr. 1975, 82, 43558y. 
11. Kozlov, N. S.; Korotyshova, G. P. Dokl. Akad. Nauk SSSR 1975, 222, 
111; Proc. Acad. Sci. USSR, Chem. Sect. 1975, 222, 290. 
12. Mikhailov, B. M. ; Vasil'ev, L. S.; Veselovskii, V. V.; Kiselev, V. 
G. Izv. Akad. Nauk SSSR, Ser. Khim. 1975, 725; Bull. Acad. Sci. 
USSR, Div. Chem. Sci. 1975, 655. 
13. Kazankova, M. A.; Satina, Y. Ta.; Lutsenko, I. F. Zh. Obshch. Khim. 
1975, 45, 712; J_. Gen. Chem. USSR 1975, 45, 701. 
14. Kazankova, M. A.; Satina, Y. Ta.; Lutsenko, I. F. 2h. Obshch. Khim. 
1975, 45, 1195; Gen. Chem. USSR 1975, 45, 1178. 
15. Kazankova, M. A.; Satina, Y. Ta.; Lutsenko, I. F. Tezis.y Dokl.-
Vses. Konf. Khim. Atsetilena, 5th 1975, 218; Chem. Abstr. 1978, 89, 
43657Z. 
131 
16. Nesmeyanov, A. N.; Kochetkov, N. K. Izv. Akad. Nauk SSSR, Otd. 
Khim. Nauk 1949, 76; Chem. Abstr. 1949, 43, 7412h. 
17. Larock, R. C. ; Riefling, B. Tetrahedron Lett. 1975, 4661. 
18. Larock, R. C.; Riefling, B.; Fellows, C. A. _J. Org. Chem. 1978, 43, 
131. 
19. Filippova, A. Kh.; Lyashenko, G. S.; Frolov, Yu. L.; Borisova, A. 
I.; Ivanova, N. A.; Voronkov, M. G. Dokl. Vses. Konf. Khim. 
Atsetilena, 4th 1972, 206; Chem. Abstr. 1973, 79, 104840w. 
20. Martynov, B. I.; Sterlin, S. R.; Dyatkin, B. L. Izv. Akad. Nauk 
SSSR, Ser. Khim. 1974, 1642; Bull. Acad. Sci. USSR, Div. Chem. Sci. 
1974, 1564. 
21. Nesmeyanov, A. N.; Kochetkov, N. K. Izv. Akad. Nauk SSSR, Otd. 
Khim. Nauk 1949, 305; Chem. Abstr. 1949, 43, 7413d. 
22. Nesmeyanov, A. N.; Kochetkov, N. K.; Dashunin, V. M. Izv. Akad. 
Nauk SSSR, Otd. Khim. Nauk 1950, 77; Chem. Abstr. 19507T4,~7275f. 
23. Bab ay an, A. G. ; Grigoryan, A. A. Zh^. Obshch. Khim. 1956, 26, 1945; 
_J. Gen. Chem. USSR 1956, 26, 2167. 
24. Kurtz, A. N.; Billups, W. E.; Greenlee, R. B.; Hamil, H. F.; Pace, 
W. T. _J. Org.. Chem. 1965, 30, 3141. 
25. Dvorko, G. P.; Shilov, E. A. Ukr. Khim. Zh. 1962, 28, 833; Chem. 
Abstr. 1963, 59, 1449a. 
26. Dvorko, G. F. Ukr. Khim. Zh. 1962, 28, 945; Chem. Abstr. 1963, 59, 
9753g. 
27. Carothers, W. H.; Jacobson, R. A.; Berchet, G. _J. Chem. Soc. 
1933, 55, 4665. 
28. Uemura, S.; Miyoshi, H.; Okano, M. jJ. Chem. Soc., Perk in Trans. 1 
1980, 1098. 
29. Shostakovskii, M. F.; Komarov, M. V.; Yarosh, 0. G. Izv. Akad. Nauk 
SSSR, Ser. Khim. 1968, 908; Bull. Acad. Sci. USSR, Div. Chem. Sci. 
Î96S", 869. 
30. Matsoyan, S. G.; Chukhadzhyan, G. A.; Vartanyan, S. A. Zl%. Obshch. 
Khim. 1960, 30, 1202; J_. Gen. Chem. USSR 1960, 30, 1223. 
31. Seher, A. Arch. Pharm. 1959, 292, 519; Chem. Abstr. 1960, 54, 
8623g. 
132 
32. Myddleton, W. W.; Barrett, A. W.; Seager, J. H. J. Am. Chem. Soc. 
1930, 52, 4405. 
33. Larock, R. C.; Oertle, K.; Beatty, K. M. J. Am. Chem. Soc. 1980, 
102, 1966. 
34. Borisov, A. E.; ViTchevskaya, V. C.; Nesmeyanov, A. N. Dokl. Akad. 
Nauk SSSR 1953, 90, 383; Chem. Abstr. 1954, 48, 4434f. 
35. Nesmeyanov, A. N.; Borisov, A. E.; ViTchevskaya, V. D. Izv. Akad. 
Nauk SSSR, Otd. Khim. Nauk 1954, 1008; Bull. Acad. Sci. USSR, Div. 
Chem. Sci. 1954, 879. 
36. Nesmeyanov, A. N.'; Borisov, A. E.; Savel'eva, I. 5.; Osipova, M. 
A. Izv. Akad. Nauk SSSR. Otd. Khim. Nauk 1961, 1249; Bull. Acad. 
Sci. USSR. Div. Chem. Sci. 1961, 1161. 
37. Spear, R. J.; Jensen, W. A. Tetrahedron Lett. 1977, 4535. 
38. Uemura, S.; Miyoshi, H.; Sohma, K.; Okano, M. _J. Chem. Soc.. Chem. 
Commun. 1975, 548. 
39. Drefahl, G.; Schaaf, 3. Chem. Bar. 1957, 90, 148. 
40. Giffard, M.; Cousseau, J. Organomet. Chem. 1980, 201, CI. 
41. Fabritsy, A.; Venus-Danilova, E. D. Zh^. Obshch. Khim. 1958, 28, 
3227; J_. Gen. Chem. USSR 1958, 28, 3255. 
42. Fabritsy, A.; Goshchinskii, S. Obshch. Khim. 1959, 29, 81; j]. 
Gen. Chem. USSR 1959, 29, 83. 
43. Fabritsy, A.; Kubalya, I. Obshch. Khim. 1960, 30, 3604; jJ. Gen. 
Chem. USSR 1960, 30, 3573. 
44. Fabritsy, A.; Kubalya, I. Obshch. Khim. 1961, 31, 476; Gen. 
Chem. USSR 1961, 31. 434. 
45. Fabrycy, A.; Wichert, Z. Rocz. Chem. 1968, 42, 35; Chem. Abstr. 
1968, 69, 35835c. 
46. Fabrycy, A.; Wichert, Z. Zesz. Nauk Poli tech. Szczecin., Chem. 
1971, 39; Chem. Abstr. 1972, 77,'l8Tl6j. 
47. Fabrycy. A.; Wichert, Z. Rocz. Chem. 1977, 51, 249; Chem. Abstr. 
1977, 87, 68471f. 
48. Fabrycy, A.; Wichert Z. Zh^. Obshch. Khim. 1979, 49, 2499; _J. Gen. 
Chem. USSR 1979, 49, 2207. 
133 
49. Riediker, M.; Schwartz, J. Chem. Soc. 1982, 104, 5842. 
50. Hudrlik, P. F.; Hudrlik, A. M. J_' Org. Chem. 1973, 38, 4254. 
51. Chobanyan, Zh. A.; Davtyan, S. Zh.; Badanyan, Sh. 0. Arm. Khim. Zh. 
1980, 33, 1003; Chem. Abstr. 1981, 95, 6409y. 
52. Dean, F. M. "Naturally Occurring Oxygen Ring Compounds", 
Butterworths: London, 1963; Chapter 5. 
53. Cagniant, P.; Cagniant, D. In "Advances in Heterocyclic Chemistry"; 
Katritzky, A. R., Boulton, A. J., Ed.; Academic Press: New York, 
1975; Vol. 18, pp. 337-482. 
54. Mustafa, A. In "The Chemistry of Heterocyclic Compounds: 
Benzofurans"; Weissberger, A., Taylor, E. C., Ed.; Wiley-
Interscience: New York, 1974; Vol. 29. 
55. Birkinshaw, 0. H.; Chaplen, P.; Findlay, W. P. K. Biochem. 1957, 
66, 188. 
56. Takusugi, M.; Nagao, S.; Masamune, T. Tetrahedron Lett. 1978, 797. 
57. Takasugi, M.; Nagao, S.; Masamune, T. Tetrahedron Lett. 1979, 4675. 
58. Abu Zarga, M. H.; Mi ana, G. A.; Shamma, M. Tetrahedron Lett. 1981, 
541. 
59. Bickoff, E. M.; Lyman, R. L.; Livingston, A. L.; Booth, A. N. _J. 
Am. Chem. Soc. 1958, 80, 3969. 
60. Leavitt, W. W.; Meismer, D. M. Nature (London) 1968, 218, 181. 
61. Bisagni, E.; Buu-Hoi, N. P.; Royer, R. _J. Chem. Soc. 1955, 3693. 
62. Chaillet, F.; Barchewitz, G.; Char lier, R.; Guibert, A.; Colot, M.; 
Del tour, G. Arzne imi ttel-Forsch. 1970, 20, 358; Chem. Abstr. 1970, 
73, 12874h. 
63. Maziere, M.; Buu-Hoi, N. P.; Dat Xuong, N. Bull. Soc. Chim. Fr. 
1963, 1000. 
64. Aneja, R.; Mujerkee, S. K.; Seshadri, T. R.; Tetrahedron 1958, 3, 
230. 
65. Castro, C. E.; Gaughan, E. J.; Owsley, D. C. _J. Org. Chem. 1966, 
31, 4071. 
134 
66. Biftu, T.; Schneiders, G. E. ; Stevenson, R. Chem. Research (^) 
1982, 270. 
67. Irvine, J. C. J_. Chem. Soc. 1901, 79, 670. 
68. Leonard, N. J.; Rapala, R. T.; Herzog, H. L.; Blout, E. R. Am. 
Chem. Soc. 1949, 71, 2997. 
69. Weygand, C.; Siebenmark, T. Chem. Ber. 1940, 73, 768. 
70. Barry, R. D. Chem. Rev. 1964, 64, 229. 
71. Bohlmann, F.; Kleine, K. M. Chem. Ber. 1962, 95, 39. 
72. Yamamoto, I. Aqr. Biol. Chem. (Tokyo) 1961, 25, 400; Chem. Abstr. 
1961, 55, 23670g. 
73. Batu, G.; Stevenson, R. _J. Org. Chem. 1980, 45, 1532. 
74. Bohlmann, P.; Zdero, C. Phytochemistry 1976, 15, 1318. 
75. Charubala, R.; Guggisberg, A.; Hesse, M.; Schmid, H. Helv. Chim. 
Acta 1974, 57, 1096. 
76. Huang, R. L.; Lee, K. H. jJ. Chem. Soc. 1959, 923. 
77. Narasimhan, N. S.; Bhide, B. H. Tetrahedron 1971, 27, 6171. 
78. Larock, R. C. ; Varaprath, S.; Lau, H. H.; Fellows, C. A. Am. 
Chem. Soc., submitted for publication. 
79. Korte, D. E.; Hegedus, L. S.; Wirth, R. K. _0. Org. Chem. 1977, 42, 
1329. 
80. Ellis, G. P. In "The Chemistry of Heterocyclic Compounds: 
Chromenes, Chromanones, and Chromones"; Weissberger, A., Taylor, E. 
C., Ed.; Wiley-Interscience: New York, 1977; Vol. 31, pp. 455-1083. 
81. Fiedler, U. Arzneimittel-Forsch. 1955, 5, 609; Chem. Abstr. 1956, 
50, 2761a. 
82. Karrer, P.; Schwab, G. Helv. Chim. Acta 1941, 24, 297. 
83. Baker, W.; Brown, N. C.; Scott, J. A. Chem. Soc. 1939, 1922. 
84. Gabor, M. "The Anti-Inflammatory Action of Flavonoids"; Akademiai 
Kiado: Budapest, 1972. 
135 
85. Ferguson, W. C. ; Ashworth, B.; Terry, R. A. Nature (London) 1950, 
166, 116. 
86. Goldsworthy, L. J.; Robinson, R. Chem. Soc. 1938, 56. 
87. Bowden, K.; Heilbron, I. M.; Jones, E. R. H.; Weedon, B. C. L. 
Chem. Soc. 1946, 39. 
88. Bourgain, M.; Normant, J. P.; Bull. Soc. Chim. Fr. 1973, 2137. 
89. Stoll, M.; Winter, M.; Gautschi, F.; Flament, I.; Wilhalm, B. Helv. 
Chim. Acta 1967, 50, 628. 
90. Prey, V.; Beran, F.; Bohme, H. Mitt. Chem. Forsch-Inst. Wirtschaff 
Osterr. 1952, 6, 28; Chem. Abstr. 1952, 46, 8802d. 
91. Prey, V.; Beran, F.; Gutschik, E. Oesterr. Chemiker-Ztq. 1962, 63, 
150; Chem. Abstr. 1962, 57, 17134a. 
92. Char lier, R.; Delaunois, G.; Bauthier, Û. Arch. Int. Pharmacodyn. 
Ther. 1973, 201, 234; Chem. Abstr. 1973, 78, 132008d. 
93. Charlier, R.; Bauthier, J.; Richard, J. Arzneimitte1-Forsch. 1975, 
25, 46; Chem. Abstr. 1975, 82, 149347u. 
94. Iddon, B.; Scrowston, R. M. In "Advances in Heterocyclic 
Chemistry"; Katritzky, A. R., Boulton, A. J., Eds.; Academic 
Press: New York, 1970; Vol. 11, pp. 177-381. 
95. Meyer, R. J.; Hors ley, 0. E.; Eichel, H. J. U.S. Patent 3,676,559, 
1972; Chem. Abstr. 1972, 77, 114238d. 
96. Jones, C. D.; Suarez, T. Ger. Offen. 2,647,864, 1977; Chem. Abstr. 
1977, 87, 102155t. 
97. Co lot, M.; Van Damme, M.; Dirks, M.; Beersaerts, J.; Charlier, R. 
Arch. Int. Pharmacodyn. Ther. 1974, 208, 328; Chem. Abstr. 1974, 81, 
99583Z. 
98. Malte, A. M.; Castro, C. E. _J. Chem. Soc. 1967, 89, 6770. 
99. Abdel Kader, M. M.; Zaki, 0. Experientia 1958, 14, 455. 
100. Abdel Kader, M. M. ; Zaki, 0. Japan J. Tuberc. 1960, 8, 1; Chem. 
Abstr. 1961, 55, 5663b. 
101. Erspamer, V. Nature (London) 1952, 170, 281. 
136 
102. Abdel Kader, M. M.; Zaki, 0.; Shams El Din Moustafa, M. Japan J. 
Tuberc. 1961, 9, 65; Chem. Abstr. 1962, 57, 6555h. 
103. Standen, J. H. U.S. Patent 2,776,889 (1957); Chem. Abstr. 1957, 51, 
8326a. 
104. Leopold, A. C. In "The Hormones", Pincus, G.; Thimann, K. V.; 
Astwood, E. B., Eds.; Academic Press: New York, 1964; Vol. IV, pp. 
1-66. 
105. Kistenmacher, T. J.; Marsh, R. E. _J. Chem. Soc. 1972, 94, 1340. 
106. Shen, T. Y.; Windholz, T. B.; Rosegay, A.; Witzel, B. E.; Wilson, A. 
N.; Willett, J. D.; Holtz, W. J.; Ellis, R. L.; Matzuk, A. R.; 
Lucas, S.; Stammer, C. H.; Holly, F. W.; Sarett, L. H.; Risley, E. 
A.; Nuss, G. W.; Winter, C. A. Chem. Soc. 1963, 85, 488. 
107. Craig, L. E. U.S. 2,980,549, 1961; Chem. Abstr. 1961, 55, 18124f. 
108. Fischer, E.; Jourdan, T. Chem. Ber. 1883, 16, 2241. 
109. Brown, R. K. In "The Chemistry of Heterocyclic Compounds: Indoles, 
Part I"; Weissberger, A.; Taylor, E. C., Eds.; Wiley-Interscience: 
New York, 1972; Vol. 25, Chapter 2. 
110. Campaigne, E.; Lake, R. D. Org. Chem. 1959, 24, 478. 
111. Hegedus, L. S.; Allen, G. F.; Bozell, J. J.; Waterman, E. L. Am. 
Chem. Soc. 1978, 100, 5800. 
112. Tomita, K.; Terada, A.; Tachikawa, R. Heterocycles 1976, 4, 733. 
113. Thyagarajan, B. S.; Majumdar, K. C.; Bates, D. K. 0.* Heterocyclic 
Chem. 1975, 12, 59. 
114. Balasubramanian, K. K.; Reddy, K. V.; Nagarajan, R. Tetrahedron 
Lett. 1973, 5003. 
115. Bates, D. K.; Jones, M. C. Org. Chem. 1978, 43, 3775. 
116. Suzuki, A.; Miyaura, N.; Abiko, S.; Itoh, M.; Brown, H. C.; 
Sinclair, J. A.; Midland, M. M. _J. Chem. Soc. 1973, 95, 3080. 
117. Brown, H. C.; Hammar, W. J. _J. Chem. Soc. 1967, 89, 1522. 
118. Radcliffe, M. M.; Weber, W. P. _J. Org. Chem. 1977, 42, 297. 
119. Larock, R. C.; Bernhardt, J. C. Org. Chem. 1978, 43, 710. 
137 
120. Heck, R. F. _J. Am. Chem. Soc. 1968, 90, 5518. 
121. Larock, R. C. jJ. Org. Chem. 1975, 40, 3237. 
122. Dean, F. M. "Naturally Occurring Oxygen Ring Compounds", 
Butterworths: London, 1963; Chapter 6. 
123. Murray, R. D.H.; Mendez, J.; Brown, S. A. "The Natural Coumarins-
Occurrance, Chemistry and Biochemistry", Wiley-Interscience: New 
York, 1982. 
124. Gutteridge, N. J. A. Chem. Soc. Rev. 1972, 1, 381. 
125. Hoeksema, H.; Caroriy E. L.; Hinman, J. W. U.S. Patent 2,929,821, 
1960; Chem. Abstr. 1961, 55, 5534d. 
126. Toda, T.; Takunaga, T.; Ouchida, T.; Shiroya, K.; Nakamoto, T. 
Chemotherapy (Tokyo) 1958, 6, 91; Chem. Abstr. 1958, 52, 20388b. 
127. Hagmar, B.; Boeryd, B. Pathol. Europ. 1969, 4, 283. 
128. West, 8. D.; Link, K. P. _0. Heterocyclic Chem. 1965, 2, 93. 
129. Overman, R. S.; Stahmann, M. A.; Huebner, C. F.; Sullivan, W. R.; 
Spero, L.; Doherty, D.; Ikawa, M.; Graf, L.; Roseman, S.; Link, K. 
P. i. Biol. Chem. 1944, 153, 5. 
130. Meunier, P.; Mentzer, C.; Vinet, M. A. Helv. Chim. Acta 1946, 29, 
1291. 
131. Shah, V. R.; Bose, 0. L.; Shah, R. C. _J. Org. Chem. 1960, 25, 677. 
132. Venturella, P.; Bellino, A.; Piozzi, F. Tetrahedron Lett. 1974, 
979. 
133. Boyd, J.; Robertson, A. Chem. Soc. 1948, 174. 
134. Fukui, K.; Nakayama, M.; Fujimoto, S.; Fukuda, 0. Experientia 1969, 
25, 354. 
135. Corey, E. J.; Venkateswarlu, A. _J. jto. Chem. Soc. 1972, 94, 6190. 
136. Newton, R. F.; Reynolds, D. P.; Firch, M. A. W.; Kelly, D. R.; 
Roberts, S. M. Tetrahedron Lett. 1979, 3981. 
137. Soine, T. 0. Pharm. Sci. 1964, 53, 231. 
138. Watson, S. C.; Eastham, J. F. _J. Organomet. Chem. 1967, 9, 165. 
138 
139. Winkle, M. R.; Lansinger, J. T.; Ronald, R. C. J_. Chem. Soc.. Chem. 
Commun. 1980 , 87. 
140. Ullmann, F. Ann. 1904, 332, 69. 
141. Kauffmann, H.; Fritz, I. Chem. Ber. 1908, 41, 4413. 
142. Robinson, G. M. _J. Chem. Soc. 1916, 109, 1083. 
143. Zincke, Th.; Siebert, G. Chem. Ber. 1915, 48, 1247. 
144. Kellas, A. M. Zeit. fur Phys. Chem. 1897, 24, 244. 
145. Beckwith, A. L. J.; Gara, W. B. J. Chem. Soc., Perk in Trans. 2 
1975, 795. 
146. Korner, M. E. G.; Wander, V. Gazz. Chim. Ital. 1887, 17, 490. 
147. Baeyer, A. Chem. Ber. 1905, 38, 2761. 
148. Andrews, L. J.; Spears, L. J.; Keefer, R. M. J_' M* Chem. Soc. 
1964, 86, 687. 
149. Taylor, E. C.; Kienzle, F.; Robey, R. L.; McKillop, A.; Hunt, J. 
D. J^. Chem. Soc. 1971, 93, 4845. 
150. Corey, E. J.; Narasaka, K.; Shibasaki, M. j], Chem. Soc. 1976, 
98, 6417. 
151. Stephens, R. D.; Castro, C. E. Org. Chem. 1963, 28, 3313. 
152. Schofield, K.; Swain, T. 0[. Chem. Soc. 1949, 2397. 
153. Rameriz, P.; Desai, N. B.; McKelvie, N. J_. Chem. Soc. 1962, 84, 
1745. 
154. Frank, R. L.; Adams, C. E.; Allen, R. E.; Gander, R.; Smith, P. V. 
Pm. Chem. Soc. 1946, 68, 1365. 
155. Broos, R.; Anteunis, M. Synth. Commun. 1976, 6, 53. 
156. Koch-Pomeranz, U.; Schmid, H.; Hansen, H-J.; Helv. Chim. Acta 1977, 
60, 768. 
157. Yudin, L. G.; Kost, A. N.; Pavlyuchenko, A. I. Khim. Geterotsikl. 
Soedin. 1971, 7, 1517; Chem. of Heterocyclic Compounds 1971, 7, 
1411. 
158. Normant, H. Ann. Chim. 1942, 17, 335; Chem. Abstr. 1944, 38, 3284^. 
139 
159. Whitmore, F. C.; Hanson, E. R. "Organic Syntheses"; Wiley: New 
York, 1941; Collect. Vol. I, p. 326. 
160. Ho, T. L.; 01 ah, G. A. Synthesis 1977, 417. 
161. Kappe, T.; Schmidt, H. Org. Prep. Proceed. Int. 1972, 4, 233. 
162. Mentzer, C.; Vercier, P. Monatsh. Chem. 1957, 88, 264. 
163. Ziegler, E.; Junek, H. Monatsh. Chem. 1956, 87, 212. 
164. Trost, B. M. Tetrahedron 1977, 33, 2615. 
165. Tsuji, J. "Organic Synthesis with Palladium Compounds", Springer-
Verlag: Berlin, 1980. 
166. Trost, B. M.; Verhoeven, T. R. _J. Chem. Soc. 1980, 102, 4743. 
167. Temple, J. S.; Riediker, M.; Schwartz, J. 0. Am. Chem. Soc. 1982, 
104,1310. ~ 
168. Matsushita, H.; Negishi, E. _J. Chem. Soc., Chem. Commun. 1982, 160. 
169. Akermark, B.; Backvall, J.-E.; Lowenborg, A.; Zetterberg, K. _J. 
Organomet. Chem. 1979, 166, C33. 
170. Trost, B. M.; Keinan, E. Chem. Soc. 1978, 100, 7779. 
171. Trost, B. M. ; Keinan, E. J^. Org. Chem. 1979, 44, 3451. 
172. Trost, B. M.; Verhoeven, T. R. Chem. Soc. 1980, 102, 4730. 
173. Godleski, S. A.; Meinhart, J. D.; Miller, D. J. Tetrahedron Lett. 
1981, 2247. 
174. Trost, B. M. ; Genet, J. P. J^. fim. Chem. Soc. 1976, 98, 8516. 
175. O'Connor, J. M.; Stallman, B. J.; Clark, W. G.; Shu, A. Y. L.; 
Spada, R. E.; Stevenson, T. M.; Oieck, H. A. jJ. Org. Chem. 1983, 
48, 807. 
176. Backvall, J.-E.;; Nordberg, R. E.; Bjorkman, E. E.; Moberg, C. 
Chem. Soc., Chem. Commun. 1980, 943. 
177. Backvall, J.-E.; Nordberg, R. E. _J. Chem. Soc. 1981, 103, 4959. 
178. Takahashi, K.; Miyake, A.; Hata, G. Bull. Chem. Soc. Jpn. 1972, 45, 
230. 
140 
179. Stanton, S. A.; Felman, S. W.; Parkhurst, C. S.; Godleski, S. A. _J. 
Am. Chem. Soc. 1983, 105, 1964. 
180. Stork, G. ; Poirier, J. M. _J. Chem. Soc. 1983, 105, 1073. 
181. Kupchan, S. M.; Hemingway, R. J.; Werner, D.; Karim, A. Org. 
Chem. 1969, 34, 3903. 
182. Herz, W. ; Romo de Vivar, A. ; Romo, J. ; Viswanathan, N. J^. Chem. 
Soc. 1963, 85, 19. 
183. Rao, A. S.; Kelkar, G. R.; Bhattacharyya, S. C. Tetrahedron 1960. 
9, 275. 
184. Kupchan, S. M.; Eakin, M. A.; Thomas, A. M. _0. Med. Chem. 1971, 14, 
1147. 
185. Bergman, B. H. H.; Berjeisbergen, J. C. M.; Overeem, J. C.; Kaars 
Sijpesteijn, A. ' Red. Trav. Chim. Pays-Bas 1967, 86, 709. 
186. lino, Y.; Tanako, A.; Yamashita, K. Aqric. Biol. Chem. 1972, 36, 
2505. 
187. Grieco, P. A. Synthesis 1975, 67. 
188. Semmelhack, M. F.; Brickner, S. J. J^. Org. Chem. 1981, 46, 1723. 
189. Matsuda, I. Chem. Lett. 1978, 773. 
190. Martin, L. D.; Stille, J. K. J. Org.. Chem. 1982 , 47 , 3630. 
191. Hegedus, L. S.; Wagner, S. D.; Waterman, E. L.; Siirala-Hanser, K. 
J_. Ora.. Chem. 1975, 40, 593. 
192. Murray, T. P.; Samsel, E. G.; Varma, V.; Norton, J. R. j]. Chem. 
Soc. 1981, 103, 7520. 
193. Heck, R. F. Chem. Soc. 1968, 90, 5542. 
194. Knunyants, I. L.; Perova, E. Ya.; Tyuleneva, V. V. Izv. Akad. Nauk 
SSSR, Otd.Khim. Nauk 1956, 843; Bull. Acad. Scl. USSR, Div. Chem. 
Sci. 1956, 863. 
195. Helquist, P. private communication; see also Yu, L.-C.; Helquist, 
P. Oj-S.' Chem. 1981, 46, 4536. 
196. Varaprath, S., unpublished results, Iowa State University, 1983. 
197. Larock, R. C.; Takagi, K. Tetrahedron-Lett. 1983, 24, 3457. 
141 
198. Newman, M. S.; Vander Zwan, M. C. _J. Org. Chem. 1973, 38, 319. 
199. Larock, R. C.; Mitchell, M. A. _J. Chem. Soc. 1978, 100, 180. 
200. Leuck, D., unpublished results, Iowa State University, 1983. 
201. Horino, H.; Inoue, N. ^3. Chem. Soc.. Chem. Commun. 1976, 500. 
202. Hosokawa, T.; Ohkata, H.; Moritani, I. Bull. Chem. Soc. Jpn. 1975, 
48, 1533. 
203. Hosokawa, T.; Miyagi, S.; Murahashi, S.-I.; Sonoda, A. Org. 
Chem. 1978, 43, 2752. 
204. Ukai, T.; Yamamoto, Y.; Yotsuzuka, M. Pharm. Soc. Jpn. 1955, 75, 
493; Chem. Abstr. 1956, 50, 5665e. 
205. Horino, H.; Inoue, N. Tetrahedron Lett. 1979, 2403. 
206. Bell, F. J. Chem. Soc. 1928,2770. 
207. Trost, B. M. ; Hungheim, L. ; Runge, T. jJ. Chem. Soc. 1980, 102, 
2840. 
208. Tsuji, J.; Kobayashi, Y.; Kataoka, H.; Takahashi, T. Tetrahedron 
Lett. 1980, 1475. 
209. Godleski, S. A.; Valpey, R. S. _<]. Org. Chem. 1982, 47, 383. 
210. Larock, R. C.; Brown, H. C. Ji. Organomet. Chem. 1972, 36, 1. 
211. Tilander, B. Arkiv. Kemi. 1966, 25, 459. 
212. Allmann, R.; Flatau, K.; Musso, H. Chem. Ber. 1972, 105, 3067. 
142 
ACKNOWLEDGEMENTS 
I wish to thank my major professor, Richard Larock, for his guidance 
and support during the course of this work. I would also like to thank 
my family for their encouragement. I wish to acknowledge the members of 
the Larock group and many others in the department for providing both 
valuable discussions and comic relief. I wish to express my gratitude to 
Deb Austin for her help in the preparation of the structures and to Deb 
Arneson for typing this manuscript. 
